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w m m 

muftis— W4*—}!*3£XF£<DmkJj& 

[0001] ^9§«, ffi^^w— fy^—v&xTfzvm&xmz.M'tZo 

[0002] tf^V^-K (ffi^^i^— if^V^-~K) H\ mmKMLxmwi^^ 

#fF^ifel:#W2002- 164621 
WffXm : #W¥9- 107153^^ 
#rF3tm3 : #Hfl2001-60739 
#fF^Cife4 : #M 200 1 - 1 6 846 1 

^#fF3tS^l:IEEE Photonics Technology Letters, Vol. 10, No. 12, 

pp. 1676-1678, 1998 CUCI^) 
#!Wt$Xffll2 :IEEE Photonics Technology Letters, Vol. 12, No. 6; 
pp. 603 — 605, 2000 (Wisconsin Univ. ) 

[0003] zcDXo^m^^yt^—^-f^—^xn, m'\tkm<D%m&±%<. isv^u^v^ 

[0004] #^ ^ft/f^aM^v^^ 

^^it^^-fr^s^-o^, mtfc&(Dum±^%wm^zftn%ft?~txfrz> 0 
[0005] *i\ mmwm^^y—^ y^-wm^-mm&m.mu mttm^v ^xis. 
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[0006] mite— jRttfc®#3tei'*--iJWa _ — KO*J*^I&*i'BI"C**>5o &*3, Elite, I 
nGaAs/GaAs^fgffiJl l-t AlAsJ1^3l^^bb-C*^^«5g^bfcffi|i 

[0007] El l ^-T— ^ W^B^^tw-if y-f ^"-Kte, ^cD<t5^$4^ttSo 

[0008] -T^^,MOCVD^ J ^MBE?fe^J:i9 > n-GaAs#MfHS^ll±{-,n-AlGa 
As/n-AlGaAsTlfP^^»KRW«l(DBR:^^9!X^SW«t)12, T£B 
GaAs^— iJ-Jf 13, AlGaAs/AlGaAs-MQW?£<(4Jil4, _b^AlGaAs^-<— 
iMf 15, AlAsfiJiSS#iSkffcJil6 % p-AlGaAs/p-AlGaAs^gR^^^^SSIS: 

jH-gt (dbr) &mmz.mmL,xmmWk%]&ffcrz> 0 
[0010] mmv^^y^>^^iMmf)mm^tcA\Asmm^mimi6^, km 

x y 

m^m^htv ^AlAs^ mm \m\ ^%mffimmw&zj&j&Tz> 

o 

[0011] JfftlvC, |f)IB^f-«3t^jl^^^l8-tra^^^, 9f€©fli0fi-pffl!l«1Sl9, 
[0012] £^6T\ ro^9^S^^^-if^^--K^te, JSH4Sl4*^OiJc«liSr^<i-5 
7^xj/fy^jfeia5^fMlSt-(j:, ^^v^^©/^^^± 10%W± 

[0013] #rF«Kcte, ^hKm^^h^<-r^m^^tix^^ 0 

[0014] ^fF^cmi^^tt-rv^tMTte, T^¥^f£DBR*(DT»*Sl5^DBR 
cD{g®JlT^S^, AlGaAsj;^9'bl^fS*l4^^^ c tV^AlAs^fflV^-rv^o ft*5* 
^^^^DBROii{|lJ<Z)fS@Wg-Ci«5l50AlGaAs^fflV>-rv^o -©1ft 
te, hVh. ^y^ym&TmALAs-DBRtpfcmirZt. ^X^OAlAsM^liR 
IMbJi <£>^fbXfMH# ^i^ffiflS fc* ffl bTV ^ TIKI AlAs - DBRCD AlAs Jf 
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mmttzmm&zxxfrb-e&Zo AiGaAsogi 

[0015] m^KCTcfe, ^fF^CSU-e^ gHbjM^£V>AlGaAs£J^fc±fiijAlGa 
As - DBR£l£tt > ^^^JM <D±M AlGaAs -DBR4 3 KiUMrt^^ ^ftJ 
mU TffiHAlAs-DBROAlAs^ffi^mW^IU^bTV^o ;L<^J;?ft_hffi!lAlGaA 

[0016] U5>U ^y^S?n^<nmm^^V^y7l&m:, 10-<rS^O±«iJAlGaA 
s _ DBR 4: t ^g-rSi;5^0J#p-r5^tt. ^W^OtSTz^UC ±filJAlGaA 

[0017] <fcoT, ^f^K^f)«fO«#5tft K^^^^fe^^ 

w 

[0018] k^^^^©*-**^"^ -7yx-?m%ft%mt. ^y^ytrnm 

[0019] rW^X-v-^^^fe^ofc^^^^^, Ga<D417nm<03§«^ 

[0020] L/$>U #^GaAs?gttS01/-if (850nm@Jt) ^T^MV^«S 

^offi^^lx-if^V^-K^¥#^M^^«>Gam^^Ga/ / Aim^i:b(D 
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[0021] fcr^-C, 850nm^, 980nmfi?tf>®38ftl>— if^f;*— K"Ctt, ^'t4S-^^0 
[0022] .«*.tf850nm«©iHI8*V- Wtt-Wtt. «^#F«tt»fcGaAa*Sffl 

[0023] -©j;5*ffi»5fe^-^^-K©«*1M»^ov>-Cl>, ftfflt^ft^ 

^T^.^fF^l^^ (31DBK8U o^>9(100)^(lll)B®^^25 0 

[0024] LJ&>L*tf&, *#<WUfc(311)B**Lh^*>* 

[0025] Sfc, v^»^> J*#**<4Wl>cv^0>-^ K«©ffi**S2» 
[0026] - # , 85Onm±0*>««*fl^ffi**^-^^-K^ **#FJS*feJi ^Al 

[0027] #ijx.«\ m^^m^mKAi^mmtxi2%nmmuvtc, 780nm%r<Dmmyt 

[0028] U»U «*850ninJ:!^«**#©ifi**^^^^«tt- 
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[0029] wnxm2i,^85ormiMhmm^(Dmmyt^-^^-^0m^n^ 
^^mm^n^ g &x% AL7]}*-m®.mmtM*#Ffe&%> Rttwz. 
mWi-rz>m) z&otcmmyt^-^^-v (780nm^) ^*§ii£tvti ^ 0 

[0030] ^(D^t^mm(Dnm%^-^^-^xu, m^r^m^3\^m^^ 
-r^GaAsP^ffiv^^tL, sat, mmmiz-i£m&&&-rzGaitiP&m^hti, * 

9-m (?9yh'mk$&iRTfiM3tt#Ff£&mk<offlv>M) »^^GaInP 

[0031] JEfc, ##fF^C^2^«, ^|4IR^A17y-T^5rt^J;§^jm^*P^-C, J£ 

V\ ^ji^^S#^^i5logS«9^^i-5GaInP^V^, ^-ti(^7*y 
KSi:lllS.^34^-#F?gt4S^^ra^ii) ^m^S-aAlGaInP£H£V\ 
Kilt-AlGaInP(^-<-lMli^Aim^^:)^5> 780nmTOffi3§ft^— if^V^" 

[0032] ±ia##fF^cm2^s^^i— w-r*— ra, m^t^f?xm<Dmmz&. 

[0033] £/dI#«IH-oV^ #fF«3^», S1g(Dffi^{^(l00)^^(lll)A® 
^ft*fcte(lll)B®^ft^l5° 7^40° (Df5fflrt(D^^({®^)l-«#4Ufc 
S«£ffiV\ ft^J#M#tfclrflJfflU H^MM^-TSInAlGaAs, InGaAsP 

[0034] #i^m4^«, mmtttte&mztvx, 

(100) (1 1 1) Affi^fn] £fckt (1 1 1) Bffi^l^i-f-S^^^-CV ^ 0 ^<£>*i 
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^S»UT(100)75^[110]^f6]^2° ^Ut(-5° ~ +5° -^tf)ffi*fifc 

[0035] U>>Ue^ «*r?tt, ^Jt^U#^^«g:v^tvMit^u, *WMfco 

[0036] #fF^m2-ci^, fl&ttffl«*SAi7y-^©t?« «tt*sgfeis*tb5^, ffi 

[0037] £ib^ *wffxilt2^ia«*tb"a^j:5fc, ±Tosi«(rtfi**Hfc*«»« 

#Mt5»t, (Al)GaInP*»3|BHSrfflV^»^, *fi«««tAlGaAs 
In©^« (segregation) b#VMit«^^^*lii*P^^^l-*5^ 
[0038] Sfcfc, 4 ^?E H H B -efeSAlGaInPf^S*n:^^^<> ^(Al)GalnP^tWC^. 

[0039] r<z)«fc5^ JSHaUi^filtt***^ «£^L*v^«:WU KtB^-efco 

[0040] ^*^^9y^S4t»(DBR) *©GattJSfc*Ga/AlJfc<0 
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[0041] ZtifctiQz., *«WttW^850nmJ:t)fe»Eft©®V>ffi383tU— Kfcfe 

[0043] ±umm^-^^-^mm^tL^^-^^ a— 

[0044] *&W\*Wl<Dtimte&^X. 

SulB^#:^^7^^S^^'>^< tfc-SBtt, Al G &i _ As (0<x£ 1) 

y l — y 
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[0045] *&m\&,n2<Dwmz&^x. 

)GaAsSfti:> 

ll«E^#^*^9y^R««l©^*<^-»^ Mptx-/" (0<x = 1} 

|tffB^-^li<D-^(*(AlGa i _ a ) b In_ b P(0<a^l,0^b^l)J:'9^ , 9. 
BUlB*^F^S^Ga c In_ P A Si _ d (0^c^U O^d^DXW&s 
Bfj1E^il«Ga e In _ P As i f (0^e^l. O^f^DM^ 

[0046] *5SWttlS3©ffiaBSKl*5V^, 
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[0047] *38Mtt»4©fl!l©l!l33V^-C, 
GaAsSf££> 

mm^mtAl, Ga, As££^LTlirt^^^- ffrfBAl, Ga, As 
Sr^Jc^b-C^^a^SU-C. Al, In, P^^X^^M^ 

wiBAi. Ga, Asz^#tvx^*mfrmtmmAi, m, P«r^*^ur^tr 

[0048] *J5Wr±»5©flS®Kl*5V^-C, 
GaAs3£1£^ 

Sfj|BGaAsS^±^^^^-lf»B^^K^lJi^*^^^ 
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Bfj|a?£'l4)itHUlBAl, Ga, As«:^$teLT£t?¥i*#»fc<BKU^ WIBA1, G 
a, Aa*^fc^b-C^tr¥*Wi»C«UT, Al, In, P«r£tf#fcUC£tf (Al Ga t 
) In P(0<a^l,0^b^l)S^^, 

a ffifB(AlGa ) In P(0<a^l,0^b^l)iPtpiK^^tMg(^ 

a 1-a b 1-b 

flttBAl. Ga, AsSr^^U-C^tP#*fr»l!ltt,pSiK*-^^U-CC(«*) 

[0049] tt»6©fl!l®J-*3V vf, 

GaAsS^tx 

ttifBGaAsS^±, mm^mmmm<o±^Rrirm-mnhtitc±^MmR 

flWBSttJifcAl. Ga, A&l-at&bLXlStr *mfcmtCDmX^ Al. Ga, As£ 

^£W/C*tr^fM^*l/C, Al. in, P«r^*^U-C^trCAlGaJ b ih H 

PCCKa^l, 0^b^l)S&^H\ 
(Al Ga ) In P (0<a^l, O^b^l) AlInPtGalnP^^MilWM^ 

[0050] ^0J«B7(D'fIIJ®^*5V^T, 
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GaAs£tK£> 

^| B ^#:^^KM^>^<^-^^,AlGa i _ x As(0<x^ 1)^5 

[0051] ^^^iEmi^Jffi^«> WWWW^J^**^^***** 

g^Wm^^^^T^^^DBR^^tt^ffi^AlAs/(Al)GaAs-DB 
C0052] WK. *S««»*^i-5«»5%- «t»KHH:»»«B*V^«*»^ 
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[0053] tm^momi^^^^^*^^ x - m * m2 

[0054] SbKi, |BB«W^1^"»B**^- iW^K^vvr, 1MB* 
^Ji©-«fcCAlGa ) b ln P(0<a^ OSbSl) «**U ***** 

PAs (oie^l/o^fil)W«*U^-^»©^KlAlGaIhP*m, 
^U(AlGa )ln P(0<.il,OMl)t«VvKW^-t«A]G 

[0055] ^^W^ WfEPtlg 
F8H**f*G. in P^/O.c.l O^DWW, *fcfflW*M»G. 

In PAs (o^i, o^f^D W^:y^tt^^« tW> ^ 
[0056] |Wm«OTia8iB«*v-f^KK»v^ IWB*P#P«tt 
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[0058] 



[oo57] t5iali^ltt«^Wt-F^^t, iwaw*«» 

B*<fe*s(iii)Affi*l«n^5 0 7^20° OfSHrt©A*Kl«»U*i(100)GaA8 
11) B*K (25° trffl V^^»a^^3^*»*«^^tt^*^ 

*>(AlGa )ln P(0<aSl, OSb^D^V^M, ^-iMISrAlGaA 



[0059] 
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[0060] mi&mw<DW,2<Dmm^m&%^~^?'(*- kt** «wb»s»^ 

[0061] tlWE»#7«flHMI*ffi«S»*fc«-W. tfrlE£E*5B© 

[0063] Sfcfc, ^0J(D|fjfa^2(D#JS^S®^^l/-^^-K-e«. WB&W3 
fc(100)GaAs2**rffiV^;:fc^^ 

[0064] ^P^^^2 ( D{IlJ®^^®^^-^V^-F^1^,^iWJ^^^V^T^5i: 

[0065] «M©JIS2©«iBKJ:»ffi**^-^>r^KK^tf , fi?H4JS« 
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[0066] «W*2^BKiJ:*iB**^-^^-KK:*3V^ (WWKi§lo» 

[0067] ^M©|R2(0«Boffi»*v^1f^>r*-K|tJ:*btf, 

680nmJ;^««ft©ffi*^-^^K^m«^^^ AlGa 

[0068] «8WO«30flliiimtf, **fMES±^ U-if ^^^i"^>^ 
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[0069] *»W©»4*5V^r4»7©«ffiKJ:*btf, ffi**U-U , ^^-KUJ8V^ Al 
. In, Pt^Ut^tifWIiAl, Ga. As*^*a.T*tr^fl*W> 

JILBtrWJ!^^*^^^^^*^" 9 ^ A1 ' In ' p ^^ tvx ^ W 
m*m<D±XJil. Ga, A8ft^^fcU-C^trWfr*«****^»^ InCD 

[0070] **u *»W©*5fcSv^r*JIS70«liKJ:^ ffiH^"fW- K^**^ 
X, Al, In, Pfc^^UTTO **fMIK:r^K-^^V^^^ 
A)»UA1, Ga, As«r^^UT^tf^#*^ttPfflKw^U-CC( 

[0071] *»WO*8, *7©«ffi«S1B»*^^*-K»^^ AlGaln 

PiftftS:. ^^(D/J^$V^AlInPiGaInPt-C^^^^-rS-^^^^ 

[0072] *»W©»6, »70«ffi»CWttf , B**V-^>r*-Kt!l*SV^, (Al & 

Ga )ln P (0<a^l.0^b^l)^-^»«:ffiV^fc-e.^-*S*AlGa 

xmtimi^m^^o *fo i^mtti^GahjAs^/o^c^i 

[0073] «W©*6»J:tf«7©«lHKJ^»S. ffi5S^-if^^-K^^-r, 
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[0074] *»W©*6*3J:^»7©fia®«tbtf , B**u-1f^^-KKi*5V>-C, 

[0076] *»«©Jl7fl>Mffil!U:*ttf. B»*V^-W^i— KKl*V^, 

^y^WiwW^l^®^ 1 ® w ^ Al«^/J^ V > * Pfl Jf A 

AlGa ) fc ln P(0<aSl, 6£b£l)te®iff*«±fcAl Ga^ As(0£y<x£l) 

[0077] *»B©*6, »7©«B^tf , m***-****-™**^ AIG 

U-i&ttUi (t?#FflHt»»i«)^ v ^' AlGaAa*fgtt«KlJ:*780n 

[0078] *fc> *«WO»4-JIS70«M»Udxtf, ®^^-W^-K^*3V>T, £ 
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^ ^^-rcw:, *fc***«^-cv ^(3ii) BS^^rffl v ^zM^wimm 

[0079] Sfc, *»W©Hi~»7©«ffi«*btf, f^*— Kfcfcwr, ffi 

[0080] «f|E|5l-*7©«S«*ffi*^-^^^^ W-fflR-tK* 

[0081] #^ ff]f5«P^WBl^J®t^^^^^-^^- K ^ fflV ^ C# ^^ *** 
[0082] *»M©»i~*7©«KUU:*, Kffl^ihfP^ri&feifi**^-^^- 
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[0083] *fe«W©ffi»*V^W>f^Ktt«WI»«*^ffU MfcfcWK** 
[0085] ^ «*fcW3WT?PP*l««^^ ^ T W«©ffi*# TOWM 

[0086] *^o»i^o«i5W5ffl** l ^ W:i "" K ' fc3vM2r.te£ 

[0087] ^WO»l~»70«B«6ffi*^-^^^ fcSV^^tf) 

[0088] TW^POFZm^tcKfem^ WKM&MWM** «*650nmO 
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fo<5o 

[0089] ^ S ^680nmJ:^^^^K^®^^^-^^ K ' T?f *^ iStt»*J## 

[0090] [Hi]-«W*ffi**w-^^^®**«*^ H ^^ 

[Bi3]^wn^®^^-w^'-^«^^ i " lll " cfe?)o 

[ 0 4]^n^^ t t^In(451nm)/Al(396n m )B^Sit^^^^^-r 

[Ii!6]«^6co®5i^i/-W^-K^^-riii-efe^o 

[0 1 1]H«!J lOOft^f A^^EI "C*>*o 

[Ili2]^WUl^^^f^ 3 -" /V:Sr ^" r,2! ^ fc ^ 0 

[llll4]lll30l--^vy^^^v^^^^-^v^-KW^^(l6^ 
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[0 19]H 1 70— $PK>5p® BI"Cfc5o 
^213*17. *18©**»»^ 

So 

[0091] etf, ^B^(D«Bffi^0ffi^«^^xmpj-r^o 

As (0<x^ 1) W**JB*f W/J^P*«fc* AlGa^As (0 ^y<x^ 1) «fc6IB*f 
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[0092] ^*^<^<^f£^*^ 

[0093] ci*tfcw, ■atti*©aUEJi#« s »*^ ttt^tfftff*****®**^ 

[0094] a*, *m<Dnmr*m<Dm%*u-^*-n^x, m#is#*** 

[0095] *«SS««Sr«*«»®5*>, «WaStt»«3fi«J:^» 

[0096] *»«©ffioiw*ii©iB*^- w*-f^wc, «na«2T» 

[0097] «nE»2T«^»WBR©«as, 

[0098] ^W©*!®**^^®**^-^^**^ WW*-^ V 
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[0099] ±|5^»^^^<tS^^T1i,m«Sm^K^^^^^UT^-9-#3S 

[0100] ll2«,JilB«B^OMl^^»^^i^S^^^-^^^ K40 ^ S ^ 

[0101] H2fe#I»«m, iWBBffft*^-^^-^ 40 ^ GaAs ' InP ' GaP> GaNA 
s, Si, GeftZ<Dm&&¥mftm&41±fc. MOCVD2fe*MBEfe««9, «IC 
Xttf MJift^U AlAs/Al i _ u Ga u As(0<u^l)»l.T»^fleDBR42fc, /d_ 
Ga As/Al Ga As(0<v<l, 0<w£l, v<w) ||2T W^£DBR43^ 

v v 1 — w w 

^~f-Ji44A, ?£ttJi44B, ±SP*-<~ !J-Jf 44C£9&^ T^^— ^»44A, 

GaAs(0£t£0. 05)l(^lMW45fc.Al i _ T Ga v As/Al i _ w Ga i As(0<v<l. 0< 
w£ 1, v<w) ±^^#^DBR46t^]«^SUfc, VCSEU»S«3&«: : ti'S- 
[0102] ^-C. SttiainSr^tfJiW:, Al ix _ Gato A Si _ P z (0^x^l, 

o<y^i. o<(x+ y )^i, o^i)x*mn%it&w*mmm£vw.ftmmz 

GalnP, GalnAsP, GalnAs, AlGalnAs, AlGalnAsPft^ft^ £^B 
, N, Sb, Tlf£i£<Dl&(DmW., Vl$i<D7C%&i5tt&ni>& : £>o 
[0103] r©J:5*VCSEU»»«3t©AfrWSr^ , t-o 
[0104] [ftl] 
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ci , bci , SiCi , cci , cf teb*<D^vy>%ktfx*mAU EJ&timrfX—J* 
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^srvrm (ribe) , mmm*??*-* acp) exm***** 

is?®; (RIE) <e2f ©^9X^«rffl V aj^^Sc-C^*^^*^. 
[0105] ^^^f^7f^l^Vt,K7^,fy^SO«tllt^W 

[0106] *Kl, StIlSAl(Ga)As^^bS45^, ^4^«1U A10««t 

[0107] 0f*©*9f ^P««B48. n««W49fc»*U B2©1B»#*-1W 

K40<a§SJ3f^T-r5o 
[0108] H2©B**l^-^*-K40T?tt, p««S48S3J:rfc««S49A^ 

t-^^^ETV^6^^S^4lOT^^^^al^^J:5^i-^^-C^S 0 
[0109] ^ t fj faT ^^^-^S44A^Ji44Bt^^^-f-ii44C^, 

ft*, /ntf**. ^ n ttoa±©WSrt?*>^ x 

n «tfiia*^44^«^-r?>^^^etT^-efc6o 

[0110] ffiffil44Bttifi*»V^#F«3&«r^^ *S«©**©^«^H: 

_L, T*^~iHB44A. 44C(DJ¥$-t?fc5 0 ^¥**DBR43©ff3tt(l + 
2XN) X X/(4Xn)^<©»#ttl/(4Xn)-e*6. ^ ±T<D ^ f 

[0111] #^±T^-^Jf44A, 44C#In***»^ ^ 

[0112] ifto^NJiKia8V>r±IBVCSELflWi«Bft«r, |WB*=^ft«rffiv^* 



WO 2005/122350 



26 



PCT/JP2005/010520 



^DBR43©2, 3^r©ttiBrt^«i"S^^<W»i-5-t^Brie^6- « 

[0113] z.<dmk, *nitmm\zxtit£. ^%u~^?4*-Y<D&umi®i£x% m 

[0114] fc*5, ^»lT«^*WBR42©(S®0f«©iMk3S«* s ^ tffMeWfcBWfc 

frDBR42«a*U-rr±VN»«CV^ r «WB«W«WbJi45k«r 
fBmiT^^^DBR42<7){SJa^^il^ s ^^AlAs^fe5^W^^^^C#S 

„ 09*.rf * rtf>J:5ft«bT, flft1B*^«Mb»45i6SAlAs-eH:*<GaiS*3i" *>m 
^^Tfc^>ttjf3^lT^^^DBR^gB^/i^AlAs^14^<Ga^^n 

[0115] l*>u z<D&*mtrebs »2T«^^BR43o«aw»oaMfc3«aea« 

^^^bji45<t^av^T^9,tafBmiTO^^DBR42(D>(£B^Ji 
*S, tt]fE^2T^^*# : DBR43^^£S^Mi^^^ / J N ^ V ^ R ^ & ^ V ' f4 

[0116] £fc> InW^^^li, InO^^IHfle^^tr^tt^*-^***^^- ^ 
[0117] ^y«^WET«t5C», T«W#DBR43©*±««r 

GalnP^AlGalnPfcU *^^tf±®^GaAs^AlGaAs^^^-f^^^H 
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[0118] *fc, ±IBO«*-er±, AlAs*a^«Mfc»45ttffitt»44B©3£«KlK»tb^ 
[0119] »±©»WCtt, ^«ffl^^*In^tp»S:K^*&Sr«WUyt 

P(0<a£U 0£b£l) «*J*U Ga^n PAs^/O^ 

[0120] -^fS^-^S44A, 44C©-»fcCAl Ga^Hn _ P(0<aSSl, OSbSS 
1) SrfflV^fc-e, ItilB^^-f-P^AlGaAs^-C^^Uri^^lt^-C, ^ 

[0121] *2tt, AlGaAs l^Hfl) /AlGaAs («*WStt» ^780nm*^8 
B0nm«*OBB**V-ir^*-K, * WAKWnP C~*-*»> /GalnPAs ( 

[0122] DR2] 
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«2t=^J:5fc,AlGaIhP^^Jl)/GaInPAs(»^#FiSHM)*078 
0nm#«®»3t^-^^*-Ktt-AlGaAs/AlGaAs*©780nm#«©»^ 
l ^_ i js^^— Kttfcfcit). AlGaAs/AlGaAs5R©850nmffir*K®3S3t^— 

[0123] r©«««*«>ffi**^-^^*-^^ »#TOtt**BaM» 

iR©«l*3ftS|ft±«. -Tfefc^ ^ tftfjtf**-*-*. ^^ttAlGaAs/Al 
GaAs^O850nm®|g^W-^^-K-t?fi^mX^^V^r^^^#-r-<#^fc 

-So 

[0124] ^^^^^PJ^AlGalnP/GalnPAs^^^o/cffi^^l^-W^-K 
^itLWf, AlGaAs/AlGtfAs*©850mn®»^^*-1f^^K«t9 1 b, U#vMfi 

[0125] xfc, «w©*2©»«oiB**^-W'r*-K-cr4, 3Mryrwca*«i* 
[0126] *»M©*2©^i^iBo®»3t^-^^-K^tt, m*#7*m&m 

^Ga c In_P As id (0^c^l. 0=£d^l) £fcM!Jf ^Ga^n _ P As^ (0 

^e^l.okf^l) l^«ric3*VCl^3S, rtottAl^A,-CV^V^^fea, 
^oT*^#F?Stt)S^^n^^-r6)iJ: , 9^^?§tt««^44^Al^^ 

[0127] n©J:5^ Btlia^— ^»44A, 44C©-ffit£AlGaInP#*WBl\ P^MJf ^ 
ft^#F?gte]ilU*GaInPAs&fflV^;L^ ^4S<«*iJ#7»#<, ®^L# 



WO 2005/122350 



30 



PCT/JP2005/010520 



[0128] ±M<D%>m&M%L-fZ>K.&iaZ, ^T^1"^5^ftfriBStR4i<OB^fifc 

[0129] #^AlGaInP^GaInP^tt«^5®^^^-^^^-^^* 5V ^ { *^® 

[0130] mmm^i±*(ioo)m*b(iii)Amxwmm^z>t, m&fcj&cx 
^mm^<mmm^JbMo ^x% immno° mis 

[0131] L*>U (111)A®^^^M^^20° ^^^Sft-h^lSi^^Bl 
5AlGaInP*m-ete, 5° ^M20° ©«fifflrt^«^Ut)#<0#^ 7° BS1 

20° <D%&m\H<D&mKU<oMi£v<m° 75^15° ©«Hrt©A*fc>«»ui:( 

100) GaAsStRSrffi V ^fcflSfr *bl \ 
[0132] r©j;5K:«4i©B*tt*(lli)Affi*lftKi«*»**lt»^. m^t*^ 

[0133] ^x^mmmmxn, ±&%m*mmi>&<o&T&&. m*#7*&&m 
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[0134] &*5, ±mM"W±> 850nm£t>1>@l^^fcl&^LTl^as. r*Ui, 

^V>Tt^3l^J^J^^«^^ s ffife"C^:#V^^-efel9s P^^f*. 850nm£ 

[0135] r.©«fc5^*^ate^HB*Ctt^ 850nm£^Mv^S-e»jf£U huIS^kd^W^ 
<7>«M»^P^., ^'l4S<£>fiJ#a 5 *:£<. U#vMif^{£M£*K i«W*"T?fB«tt»!i« 

8t(D'J>i2<ki>—m*. Al Ga As (0<x^ 1) &V)teZ>®$rmW£Z>mb. Al Ga 

x 1— x y 

As(0^y<x^l)J;D^?)©ff^^ ; 5ii^^ , 5«^^ HtjfS^^ — V-m<D- 
ffitt(Al Ga ) In P(0<a=£l, 0^b^l)<tt)^«9, ftufEi^F^ttSteGa^I 

a 1— a b 1— b 

n PAs (0^c^l,0^d^l)J:«9^,S&1EPtM«GaIn PAs (O^e 

^ ^ ^ ^ e lei ii 

at^tt, 3t wit^t^d^^T (i 1 1) Affijffo 

[0136] ^PJ(Z)®^^^-W^-KT^S^B^]L^(lll)Affi^iR]tCl{®^ 
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[0137] *^^*»K©»3©||j»^«B^f4,w©teT^**^#FS^^^S*# 

(i 1 1) Affi^r^ (-ft v ^^-rs^-J^, stEffl^tRi ( (i 1 1) ab^iri) 
©^^iJ^S^«^:$*sai*JcfcO*l«UTv^. ^^i'PMM^^rRj ((iii)A 

(Sg4tf>H»11) 

•So 

[0138] ®|S3teW-W^-K^^V>Ta^#F^«©^StbXffi*PiT^GaInP 
m^»J^ s RTlBfc^So Ga In P8lo^MJi(7)^F^>^*2. 02 

0. 6 0. 4 

eVTfc^ Ga In Pte^^Ji^^K^S^tel. 87eV"C*>5, Ga In P 

0. 5 0. 5 

§|o^^ScO/^^K^>^^^^150meV^#V^i^^Ei~^ < #"Cfe ; 5o 

[0139] ^mmMm(Dmm%^—^^-^> AlGaAs/AlGaAs^fgt^Sr^-S? 
— if KT^^ttSAl Ga As (0<x^ 1) p-S©J&Sftjft*&J5M& 

x 1— X 



WO 2005/122350 



33 



PCT/JP2005/010520 



HtC*5V>X^V^>'K^f-Y^^^:^V>Al x Ga i _ x As(x=0. 6,Eg = 2. 0226eV)£ 
*a^ft^780nm(Eg = l. 5567eV) i:^D/^^K^>^^f*^ 
M m*5»«ffi»*V^-lf K"Ctt*tfl5 CA1 Ga^) _ P (0<a £ 1 * 0 £ b 
^ 1) ^-i^S(OjftMW^*a^*fiia^*^/^^K^y^^^^^ N (Al GaJ b In i 
P(a = 0. 7,b=0. 5,Eg=2. 289eV)£*&j£ifcg680nm(Eg = l. 8233eV)<Z> 

-b 

[0140] ^jf^i^F^Pt^^^K^y^^oV^TWt, 

jf£Ga In P As (e = 0. 6, f=l, Eg = 2. 02eV) t~TM. m«S680nm 

e 1— e f 1— f 

(Dffi&mt<Ds^V2c^y-7^&£ : £2OOmeVbfe'0, AlGaAs/AlGaAs^?£'l4 
[0141] ^*U^ AlGaInP^^-lMi^fflV^r^-C\ m/«S3 5 680nmJ;t9t5i&:il: 
-K-CfcoT^, AlGaAs/AlGaAs3RtSHtSSr^ri - S780nmE5S3t^-^^ 

-^^-wm-mmt^mm mm&&nx* ^m&xy- iwa--F w 

[0142] -jR^ffi»3tU-lf^>r^Ktt,*©ffi»*«^^»^-^^*^* t:: 

[0143] 3E^»Wt!iJ:tbti, T»DBR©«cfW4dsgfe#Stb, Wrfi^ 

[0144] Hfc^ ^0^»'(S^:*-^^0T^^^ l J^^^> iltti*E«*^-W- 
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[oi45] *&w<Dm&*y— k, K*i'-tw-FWit Mft^iwt'J 

o 

[0146] rasss, ft*^>(T^<Dftm%&fr&&xfift&m%Mtvx* ^y^w^mt 
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[0147] r^^POF(^9^y^r^-)*ffiv^^^tt,*©KJR*5fe^ 

[0148] ^^S^680nm^^^5^^®^^^-^V^-K»^tt®f>Jt#^^ 

[0149] T^y/^POF(^7^^^T^^)^ffl^fc^^^^^M«^'f4 
[0150] ftM^*^680nm^fc^^i^»®^^l/-^V^--Kfi,mtt«flJ#^^ 
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[0151] T^y^POF(^9^^7T^-)tfflV^e^tt^*^»^a^^ 

, ^u^mm<mm\a^ox^^\ z.<Dtz.#>, m&^m*%Mtvxm? 

[0152] *^S^680nm^fc6^P^O®^^W-lf^^-Ktt^ttii^#^^ 
[0153] -^J:9^^^f«fe-C^&?J-e&5^t*^, W£-«*«^f*«>** 

mmm i 

j&<Dh<Dt?£^X^^o 

[0155] Bl3Sr#BRi-6fc, »Jlt1in-GaAs¥^ H B a (100) 3£*£61±^ MOCVDfc 
n-AlAs/Al o Ga o As*t*r42. 5HI*?)iBLa»bfe»lTflS^3|t^DB 
R62i\ n-Al 95 Ga o ° 0 3 5 As/A1 o a Ga o 7 As*f«r6HI*?)>SLa»U^»2T«P i l £ ^ 
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f£DBR63£, Ga In PW<-fl64Ai, GalnAsP/Ga h P(^x/V 

0. 5 0. 5 0. 5 0. 5 

/^yT)TQW?&t£Ji64B£\Ga In PJ:|f|U^— iHi64C£, p-AlAs&31 

0. 5 0. 5 

#»ffcJl65£, p-Al Ga As/Al Ga As*j-£34. 5l§I«W3gU*JiUfc 

1 0. 95 0. 05 0. 3 0. 7 

_h§P^fls:DBR66i:, p-GaAs=»^^h®67^S:Jl|M^^gLT, VCSELfWi 
fltatSr^^-fSo MIBT^^-f-S64A, saiEflH4S64B*3j;^|E± 

[0156] m^^(DXo^vrmm^ntcvcsKi.mmmm±Ky^hu^h^m^^^ 

?&;*?*-=.lsyU CI ^^iAL, KJCSffi^Vbr*-^S'^^*fe(RIBE)-C ( ?« 

2 

[0157] ^^Jfe^J-Ctt, rtD^f-^^^'XfM^^^V^ ^X^»3t^3fe«Srffio-a 
n©3&tt&ft (451nm) £Altf>3§3fe3&fi (396nm) -tOJfc (In/AUfc) tf>B# 

[0158] H4tt, ^:^JiMl-e*^^nfcIn(451nm)/'Al(396nm)^^3^i:bcOB#^^ 

[0159] m4&&m-tZl^ ^y?->yMm*bmftmm-rZ>t, In<Z>3§3fc(451nm) 

fc££fififrfESf!2T^¥^#DBR63©±^3jf i T^^y^^^fitjhU 

[0160] Hfj|B^^f«3gM^S^^^H$^T-MfBAlAs^^^Jl65^7K^^^ 
„ 400°C-ef^^ab, #^bAlAsffii$/^25Mm 2 {C/j:5J;9^ ffjfBAlAs^SglR^ 

[0161] Iftvvc, gria?«^«l3tMO±©l!ii>ffi(*«IK69Sr, MfEpM^^Wf 67^-T 
S«61©«ffiJCii«tt«70Sr^^U-C, 03^^-rf#j^<Z)ffi^^w-if^V^— K 
[0162] W-T^-—K60-Cii> p1l!l«4S69, nffi!l1ffi£70fl>S>, 

•^tuE^-ryr, ^^yrsraA-f s-^i-«tt>^ $m780nmoi/— ^^jtsum 
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[oi63] nMfflKDm&y&'—f^*— Keo-cwu ^m^m^64(D±m^.in^wc 

&0te#aa8&*3S64«rtftm*O£, Z.<Dlt£>, BUlSm2T§B¥^DBR63Sr, T£B 

[0164] m^, &mx(DMMm2fc£&ffimftu—^4*—h*80K^^xmm-tz>o tu 
a^j;?^ mMM2<Dmmyti/— ^y43--~v80hm3km&e>mj$,%^vx\,^ o 

[0165] El3Sr#fiS-r?)^> ^Wfj2-e^, n-GaAs^| B (100) mt£61_L^ MBEi£ 
^£9, n-AlAs/Al Ga As*f£47. SlsI^^L^jiL^lT^^^DB 

0. 5 0. 5 

R62^,n-Al Ga As/Al Ga As^lOtEWMUlJibfcf^T W 

0. 95 0. 05 0. 5 0, 5 

2g^DBR63ir, (Al Ga ) In PT^^tl64At, In Ga P/(A 

0. 5 0. 5 0. 5 0. 5 0. 46 0. 54 

1 Ga ) In P(^x^//^7)TQWSttl64Bi, (Al Ga ) In P± 

0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 0. 5 

*|3^^^-^jg64C^, p-AlAs^StiRSHtgeS^ A1 Q g Ga o 05 As/A1 q Ga Q A 
s*f£r40. 5\H}myM^mLtc±^¥mfoVBR66b, p-GaAs3^^bjS67^^ 

[oi66] ^(DXo^vxmm^ntcvcsBLmmmm±^y^h^^vxm^^^ 

=-^y*U CI rf^&WAU lC¥^y^ymx**y-^y^y*ft% 

2 

[0167] ^mmmxn, -©^xvx^fy^©^, ^y^m^^xin<Dmytmm 

(451nm)(D0#rHl^'fb : Sr ; e^-r-5 o ^-y^^^Wu^K^^ In^^^(451n 
m) &mmi5tlZ>j)^ *&Xln<D&mm$:~rZ>o ZZ.X\ In(D3§ft^i£=Uc:0#,& 

>y*m%±i>tcmmM%^z>^b&x%z>o 
[0168] m^, mti^mmM7!)m^ntcmM,xmuA\Asmm^mtme5^m%^ 
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[oi69] ^-c, tuiE^f-«^M<D±®^piRij««69^, mmm^? 67 i<zm-r 

[0170] *mmm2<Dffimyt^-~ iwa— ksot^ pi«®69, n{ai«ffi7o^^, 
[0171] mmm2(Dmm^-^^- K-et, ^ji^sis^w-wt-KiPi 

3 

[0172] ^M©^*IW3«5®*3t^-^^-K100^oV^-C«Mi-So M 

o 

[0173] 03Sr#fla-f H^WTiS, n-GaAs^fa (100) Mt61_L^ MOCVD 
SSfclJ;^ n-AlAs/Al Ga As*f&40. 5HJ*&<33EU£J1 LfcJ|lT^^.#D 

0. 5 0. 5 

BR62<h n-Al Ga As/Al Ga As*j-Sr5|Ui»«53Sb«®U^^TSP 

N 0.95 0.05 0.15 0.85 

¥8**DHR63^ In g Ga a ^ g Ti^-lHl64A^ GaAs/In 2? 
Ga As P (^*^//^T)TQWflH4»64Bt, In Ga As P 5{ ± 

0. 73 0. 44 0. 56 ' 

gP^-^®64Ci:, P -AlAs«ta^iMtJi65i:, P~ A1 0 . 95 Ga 0 . 05 As// P _A1 o. i 
Ga AsM^30. 5|I»ML^Jf Lfc±gB¥3l#DBR66^ p-GaAs=^^h 

5 0. 85 

[0174] £«bi^ gff|SVCSEU»®*3§Sr. £ffi^2i:ISI«K^*y^>'^U £bfcP!# 

[0175] jf-mmmwrnmyas-^J*- kioo-cwu pfln««69, nim7o^f), * 
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[0176] mM&tetDffimytu-ify^—vx'h, ift«iroii)twwt-F^ 

[0177] tfcfcl, ^P^cD^IW!l4(DS^^W-if^^-K12O^oV^T^0J-rS o ftji& 
<D£5^ ||j(fe^4<Offi*^^— K120fcH3^PI«O«J*.Sr^rb-CV>5 0 

[0178] H3S:#flai-S^ mmVUX-n, n-GaAs^tH (100) 2tfR61±^ MOCVD 
mKXV, n-AlAs/GaAs*j-£32. 5|iIi|ft?)3SU«JBbfc*lT8lS¥3M*qDBR62i: 
n-Al Ga As/n-GaAs^3liI*ft53gU«»Ufc»2T«IS- i i £ 2»frDBR63 

0. 95 0. 05 

> Ga In PT^*^~1^Jf 64A£ N GaInNAs/GaAs(^/k/^yT)TQW 

^ 0. 5 0. 5 

7£ttJS64Bfc* Ga In P±ffl^—^»64Ci:, p-AlAs«mi^»65^ p 

0. 5 0. 5 

-Al Ga As/p-G S J±sM%26®mm'LmmVtc±&¥mfcVBR66b, p 

0. 95 0. 05 

[0179] Skfcl, Bf)IEVCSEL^jif*3t^, mMM2bftm\i&^y7>^X*Vm&M 
-C35*&* «®gJ5fc4rfrl\ 03©ffi»^u— if^-r^-— Kl20^#^5c 

[0180] ^HffiM4^S^^^-lf^V^-— Kl20-e«, pftlj«tl69, nflltffi70^e>, * 

[0181] »F!j4-e«, ^fe^0JU^H»Jl(?5^^)m^P^T, GalnNAsSr^tt®^ 
tttl^AlGaAs^DBR^UfflT^a^^^s »ftSMtffe^*3t*3Sffl"C£So 

ttcoi*v ^ffimytis*- Vfc'&bti&o 
[0182] Jxfc, ^JMflOffil&ttV'— f?**— Kttl. 3 /z m^<Z>*^-?fc5fc#>, DBR6 
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2, 63£r*j£"f5iN*fWB#ff<, H2TIH5DBR630i?:^^3-<T^^)J¥^^^^ 
^^y^V^Sr, ^y?"yy<OTmiK litrfEl^TlftDBR63*fcteflH-.5 

mmm 5 

[0183] 05tt^afeM5O®583tU— ify^— Kl40<D«^^-T o 
[0184] El5Sr#Mi-S^, HJS^!l5Tii, p-GaAs¥*NI (100)S«81_h^ MOCVD 
m^XV^ p-AlAs/p-Al Ga As*fr£39. 5lU»-SL^jSb/c|llTf|3^ 

0. 15 0. 85 

2*ft:DBR82£, p-Al Ga As/p-Al Ga As*frSr6E#»J3gU»HU!: 

O. 95 0. 05 0. 15 0. 85 

B2T£B^toBR83^p-AlAsM^gtfcJi84^ In Ga As P 

0. 27 0. 73 0. 44 0. 56 

T£P^<— ^g85A£. GaAs/ln Ga P (^/^/^yT)TQW7£t£il8 

0. 27 0. 73 0. 56 

5Bi\In Ga As P ±U^^^^M84Ct, n-Al Ga As/n-A 

0. 27 0. 73 0. 44 0. 56 0. 95 0. 05 

1 Ga As*f&30. 5m^MVmmVfc±^^mi^DBR86t,n-GsiAs^^ 

0. 15 0. 85 

-^Ji85A, S'l4Ji85B*5«tt>*_hgB^-<— ihM84C^, #^fcfc5fiH4fl*3£*B85 
[0185] ^fcfc, fufEVCSEL^Jf t#i££, ISJteM2fcllI«^"^3iy^^UT^«3fiM 

Jfe0!l*m, p{BI«S89dsa&K8i©«B5J!:, ^cnftijm^88^ 3 ^^hjS87±}^ 

[0186] *mMW5<Dffim%;U— ify-T^-— Kl2(mi, nfUffi«88, p#J««89d^, * 

m^88^^^$^w q*p^e>, flfnaa&Ksi^snc^iRj^w^nso 

[0187] Bl50j;5*®IS3tU— ' fl^rf-— KteSsWT. ^ttflfj£^85^<D?gttJi85B£!9 

141»3taiJ85J;?)t>*«flB^I9:»t5i6&Sasa>5„ r*U*. te#4fe¥3MTCW:i>3H£3* 

MJi<D^^n^^Ma;^^i(,^^/h$v^«),m^^«ag^p^^^ 
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[0188] u±(d£ok. mmM¥mt$mzpmfcmmimf&-tz>m&te. x^m^^y^ 

[oi89] *mw<Dm<v¥fm^ ^KmmvfcmmmKDm^oxm, mw&mm~rz> 0 
mmm 6 

[0190] #ct^ ^ia^^wiJ6(cj:§ffi^^-if^-r^--K^?a-r?>o 

[0191] EI67!?SI1I7«, ^P^^Jfe^6(D®^^U— if^V^— Kl60Wtf ^c^-To fc 
fcU @7teE]6<Dffi3SftI/~W^--Kl^^ 

[0192] El6^#^-f-5^, ®3§}£l/— if^V^f— Kl60te, ®^fS:^(lll)AM^|R]^ffl 
#4^15° -C{bl#4L,^n- (100)GaAsK=Kl01±tC, n-AlAsfg@#f*Ji£n-Al 

0. 3 0. 7 

02^n-Al Ga As{£S#r^Ji£:n-Al Ga Asif5jS#T^Ji^g£SCl*!t-*3 

0. 9 0. 1 0. 3 0. 7 

[0193] fc*3, ^lT§P^*#:DBR102^j:^2T^¥^DBR103T1i, DBRSrfU 
C7) ^ Alia^c^— ^^^^ffi^^iS^^ * £20nm 

[0194] ffjfB^2T^^^DBR103±^tt. j!ufE|g2T§l$^*f£DBR103£:*& 

^1^5 (Al Ga) In PT^J&l^-lK^S'K) )1104Ai:, iff!E(Al 

0. 7 0. 5 0. 5 0- 7 

Ga) In PT^l^-f"(^yK)Ji^^»^-r?)Ga In PT§I3^2^ 

0. 5 0. 5 0. 5 0. 5 
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InPAs#FJf 104a, :fcJ;tf£«fctfLT*&^SE^^£^1-52Ji©Ga o> Iu q P 

mmmio4b^, &mzw§ut.mfr#7*m&mio4cbs Ga o in o .p±MM2* 

<<—y-mi04L>b, (Al Ga) In p±ffi!Si;v<— t(?9iyV)mi04Eb&m 

0. 7 0. 5 0. 5 

[0195] ^ffi^J»#SlO4A-lO4Ettljft*^*JB»lO4Sr?l0fifcU ftWB#ig*&104 
±iat, P-Al Ga As(x=0. 9)t®Mb-Al Ga As(x=0. 3)M 

x 1— X X l x 

^mmb^mm^25mmmm^mmmm^fj:^±u^m^BR(±^ 

[0196] $P>^S5IE±la5S^105±^f*,p-GaAs=i>'^^Sl06^^$nTV>5 o 

[0197] WT> ^^W6©ffi»3fe^-1f^'r*-K160©3K3tXSS:fftMi-5c 
[0198] ^«m3> ¥^#®102-106<£>j&gf*, MOCVD8slU:9fTfcV\ 

, JSJN-fcfi, TMG(hy^^y^), TMA(H)^W/^-!>A), TMKMJ^ 
Wy^A), PH (^d-X^V-) , AsH (T^v^) SriKfffcJfSCTfllV^o £fcn 

3 3 

[0199] MoevDfeti, jg^^^i^JW-rsr^-e, «afifc«»Ji<oJ;5*«^Sr* 

filjDBR (Jtf&Sfttfe) 105tfT?flH4Ji 104C(vlj£V ^JStf ^Jl<£>— SBSrAlAsJf 1 

[0200] rO«t5^VCSEL3»Ji«l3t^^fifeFtL«fc, ff^wi^ro^fx^y^^, />&< 
^MIBp-AlAsJ1107cDi|IJM®^®aa^j;5^^U^i^«3tM^Mi-6o 

£<bf-fijlB^#f^M^J;<9® tH^^fcAlAsii tK^M ^ lc*5V SufEKtH 
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mmffifrbte&XmikV, itufEAlAsJf 107tpK:Al O «$fE8fesfcg&107A&7£j?!ci- 

x y 

[0201] 7«^^^^J:^^^tb^^*atMOj^lSO^ra^y^K^108 

3ttb*taJ109Aa»feflfrlBaKy^5KK;i08Srl»*U, $b^HulSp-^^^hSl06± 
^ f(ria3feWlt$P109ASr3KltTpffi!J«ffil09Sr^-t-5o huISS^101cD« 
BJ^nfl!l«ffillOSr^JEfti"So 

[0202] tuiEHW!j6T?«, AikAs*±&frbvtc&mmk4kmio7<Dm&mmz&v)m 
L.xMf$istcAmitmio7A%nffimmm v ^m-w^at-m. mmmm 

JI107A£^ttJf 104Cto£<5ttT^&T^ &A*-^i£1iSc^f|iJ£tU 

MAsmo7frmk\^rMmkmio7Abt£%m^m$TWM. 

[0203] ^*3^JiM6(Dffi^^W-if>V^--Kl60-e«, ^-f-jf©— §|3104A, 104 
E^AlGaInP£ffll\ ^S^*^#F^ttJl^«GaInPAs^fflV^*5»9, Htfc 
^#:J1^> ffi^4^(lll)Affi;^^15 0 {iI£4Uc(100)GaAsS*I±^J& 

[0204] £/c, iufESa^i-— 1f>V^--Kl60T?«, tf-Ji (^9yKH) 104A, 104 

EtbT 1 7^K/^>'K= 3 r>^^W!|Sf"efe5(Al Ga) In P£fflV^tV^ 0 rcDfcfe, 

0. 7 0. 5 0. 5 

*^<~ ^S104A, 104Eirft^-#FfS'[4jil04ai(D^(D/^>'K= 3 f>iy^fi. MIS 

^g^AlGaAs^^Ufca^C0466meV(Al«ajafe0. 6(D^) tCjfc^T, 
743meVM^:-t--5o ^fc|^Ml04b<h*:^#F?g't4Sl04a^O^^^^>'K^f> 
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[0205] SWB*T-#FtgttJ1104a*SJEEIie5gSr*l(fbTV^fc«>, 'Mf—jfc— 

[0206] ifcfc, *^#F^t£Hl04a£PMJ1104bte % Al^A/T?Vvfcl>#J|S|-i&»kfl|j&* 

[0207] i£fc, *^Jte^^J:*ffi383feV"-1f^^-— K160-CW:, M3fe:£fttf>»P£r> Mi 
[0208] m?£>*^m^^rv^(311)B^(M^^25 0 ) SrfflV\fcffi3B#;W—iF ^ 
5° ) , r©^t«>3tWJ»*^tttt/h$<'fcfe^**# J &v\ ^-eHJIS0!l60>ffi353te 

[0209] £.©±5^ *&W(DmMM6K£tU^ ^ttgl04a(D^J#^^<, SfcSfeSfta* 

[0210] J&*3±|B©**W©S6*W:, ^OMSSflf^tt^-t'SfcW©, 680nm«fc!3fc 
£&J&##tT***fc^*LSo #J£i*AlGaAs/AlGaAs^^ftJi&teofc780nm 
ffiF*lc®5S3t^— 1f^f;fr~K©#£'£tt;<fci~3fc* Al Ga As (0<x^ 1) 

x 1 — X 

Vm(DM^ftt£%&&fflMXMi>'^h*^y7&X%\s^Al Ga As(x=0. 6, Eg 

x 1— X 

= 2. 0226eV)m^*780nm(Eg = l. 5567eV) <Dm^Mt<D^Y^y^ 
^«\(AlGa ) In P(0<a^l, 0^b^l)^-fI©ASW«« 

a 1-a b 1-b 

^/^K^XT^^WAl Ga ) In P(a = 0. 7. b = 0. 5, Eg = 2. 289e 

a 1— a b 1— b 
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V)£*&fijc$c£680nm(Eg=l. 8233eV) <0iSH^£©'^K^*5':^(46OmeV 

[0211] ^tcmmmbm^#J s fe&mb<Ds<i/v^y7mz^^xn. m*.&»&M*G 

a In P As (e = 0. 6, f=l> Eg = 2. 02eV)£i"*U£> *Bjfciftft68Onm0>J& 

e 1-e f 1-f 

ttS VK= 3 f>^^^^i^200meV^'9 > AlGaAs/AlGaAs^ftS ^ 

[0212] CL*U*, AlGalnP^^— !Mi^V^rfr\ m^ft^680nmJ;f9^S^ft 
-CfcfttfU A17y-S14Ji(*^FfiH4Jii:l*SJi)S:fflv^Tb, AlGaAs/AlG 
aAs^^jf^STSOnm^^ffi^^-if^^-K^^^^^^-t^^ 

*^M^^ffi^^^-^^-H^^^> Ji1Bt»©AlGaAs/AlG 
aAs^^'t4)i^ofc780nm^«^^^-WV^-K^PI^^±^#tt^# 

7 

[0213] ^mm(Dmmm7\z.^mmtftu—f^^-—v^m,m-r^ 0 

[0214] H8ttltJte'W703©383teV'*-1? t ^'<^— K180©±®H-C*>5o HffiWtf)®^ 
^^V^-Kl80«,^W!j6(Dffi^^^^>^-Kl60^^-^^ffi1#it 

ffis&atei"— if^^—Ki8o©wf®flt3fii!iov^©iftWtt«»&i"ao 

B^*t^««?*A««i07OJ^Rfc, (liDAH^f^icftv^^^o fc*s, 
[0215] *HJS^J"t?tt, I3fe0J#(^ S«l0l(D{tl#^^ t J;5^^lJ#m^'t4^Ufflb-CV^ 

<s 0 u&>u ***«ix*cvs5(3ii)B»K(«»Aas25 o )*mftMWK 

[0216] ^»J7-C{^, a^5tt^flJ#JI;frtetf>*eT£> *^#F?Sf£J1104aW£#t^ 
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mmw 8 

[0217] Jfcfc, ^BJ(7)^W!j7^iS®^3tl/-^V^---K^tfe0J-r?)c 

[0218] m9«^WiJ8c7)®^3tw-if^^— K200©#fifcSr^t-o 

[0219] H9Offi»3fe^-if^^K200ri,m^^6©®»3tU-1f^^--K16 

[0220] 09^#flRi-6^,ll*«8Offi»^-lf^^-K2OOtt^*W6©ffi»)tW' 
-if^^— Kl60fc*frU P«ili04biL-C, 5lo3R«9^^-rSGa o e In o 4 PSr 
. fflV^^"C?ti*L-CV^o Hlfe^J8-ett, 9lo!R«3§BS:^i-SGa aB In a4 PO» 
Ml04b£. ^l*^-^F?§tt)il04aCDT. &T*#3*^#Fi5tfi»104a<E>± 

o 

[0221] GaInPAa»*mT?tt, PI-«Hf 3©BfrCJ*llfrt-^, GalnPO/^K^rs^a** 
fc*#V\ *feGaInPAsSr»«JBl4btffi5«^, ^^^/h^V^^^^^ 
%f£/OV^s7%m&X%Z><DX\ ft^F^tt«104a^O/^^K^3S^K^ 

*^M8-etefr:h*Ga In P^o^MgO^K^y:?^. 02eV 

0. 6 0. 4 

TffcSJ&S, rflVO'K^i/^BU ^K^-YS^U. 87eV<D^W!l6(DGa o ^ g P 
tfr^SE^S.ttJt, 150meVfc*#V\, 

[0222] IlllO«^0^cO»M9^j;S,SI§^wW^-KW22O(D«^^i- 

[0223] miozmm-rzi^ mmmm^-^^-^^oxn, mrnmsomsft 
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fflfl*ii«ffiiio^*ft$*i/*cv^ 0 

HJte^J io 

[0225] Hlltt, «0^OH»!jlO(D^^f /^240Sr^"f o 

[0226] BHlSr#flH"t"*^ 3t3&ft ^a-^240tt, H10©®»3te^-^^-K^ 

i-5POF241^^A$tb, 
[0227] T^y/^POF«ft/h^I|XlB^650nniO^^fe!9, rofcfet^ 650nm 

[0228] Ji|Em»JlO(Z)^^f^^-^240^fflV^^ffi^^l/-W^-K200 

[0229] ftilfi^K^te, |i^;iJ:9#K^~*£^«f£&^ Ifwtift^- 
[0230] Hiifc^-r#^JfifcliOT?tt, BIBftf — iP^*— M©#iS*jfewW 
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ii§~C<fo<5 0 

[0231] £b\^*mMmx*n&m?mmft^-^yj*-vm*2ooh&mtePOF24i 
mmm n 

[0232] ®12«, *^0^(D^WJll^J;?)^^f /V260©«fifeS:^-ro 

[0233] mi2%^m-rz>^ ytm^m^^-^26on, mmms^m^^-^^ 

[0234] ^m<D^m^-^y^-^^2oo^xxiPOF2G2m^m^mxm 
^^m^x^mmtti--^^-m^2oo^mm^^M^^^tm^ 

Qb^my*^^*— K261t^m— (DPOF262i:|a^^T^g:^v ? ^ 
[0235] POFfi^T^^^^^<T^T^i:^^^^^^^^^ :::I ^^^ 

i&mx^zzb&Mm-tzb. %m&m^~-^2G0<Dmm*isb\mmx%z> o * 

[0236] ^^J^J;S^ii^V^A260f4,POFSrfflV^LAN (Local Area Netw 

[0237] tr^-eifi^ LSi^o^attlM^r&i-hLTv^^x ^te> z.tib&&ffitz>m 
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[0238] L^U ^fArt^lffil^^^^t^^^^^^^bt-flL, 
[0239] *fc, mto^^fc°^-^V^A#^^0J^5^:i2lff ^3.-/^220^31 

mmw 12 

[0240] mi 3(3, ^MMm^z.^u— ifyy>-^280^#^^-r o ^cueii3ow— 

-^-Vy^280{i N |§^S^780nmcDBu|B^»j8(D®^^;^--WV^-— K20 

ef-yrfiX&f— iO/CSELTWf)281^ ^ft{*K^282m^:frii:TV^ 0 Ell 
3tt. #^tulSW— 1fVy>'^280O5fe^tl5^ ; IIEg^-ro 
[0241] |H14«, |H13(D1/— ^Vy^280^MV^^tl5B(ilB®^^W-1f^W^-— KW 
^^(16f— AVCSEL7W) 281<Z)|i!ElBS-tt^^"f"-b®0"efc ; 5o ^£>£5&® 
3§}£l— KW^^(16tf-^VCSELTW) 281te, &tt<094^y# 
^fl^-r§rir-T:\ Sfj|E^^f*282_hT^^^ > 0l4^^-rJ:5^S>J^S^|B]V- 

scan^io m mffli^-e@B^jbTv^m-^^^^^^m-e^6o 

[0242] **WiJi2T?« > r(DJ;5^ ; mi5cwffi^^w--if^^--Hv^200^^^I#:(D 

3fetf— ^X283^tf^^^fflV^T^S^^y^>^-284^*m$* 
> $b(dffilE^y^V5:7— 284^jg[l]^iir > £ ib^ltt^^ >-^£I«b-C§i] 

^X285£^LT, ^M^5^;ft#:ii282f^fc?feU mZf&%ft% 

^mmm^xtii-f, mmf&tK ~mm%t<D\?~j**jizm^xt£tstiz> 0 

[0243] ;£ll»!jl2tc£;ft,te\ StifE^^;#:282±^ N giJ^ffi^f^]V-SCAN±, miO n 
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[0244] ^«^Oi/-if^y^280-e«, leK^h^lUHf^^jA^-eitgT:*^, i«31 

SrflSE-rsr^T?, fttf|BBJjfeaSEH-SCAN^lRl<^Ks'MIBHISr*I«E*C$, Mx.fc£240 
ODPLWfcH&BffiKi:, -T^t?^J;«9^ B n p®OTOJ^prtg ( J r ^§ 0 #||Jfe#J12K:,fc5 

[0245] fc*5, ^»dl2T*«l/-^^-i?-Vy^^ffl^!l^Ufc^ % ^§0J<£>®^ 
(fl2(DM^i) 

^ i2(DmMMm&mi 5Rz?m 1 6 ^s^v 0j -r^ 0 33 <e> ^ 1 2 
(1) ^-<d#^j 
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sra ^ mm^m^^y^RMm^p^th—nn, ai, Ga, as*±^ 

fcLT^tf¥3MWi.fc»5fc9, fltflBflH4JlfcAl. Ga, As££$#£L-C£tf*£igft: 
Jl^M^Al, Ga, AaSr^fife^UT'&tf^frJl^SjUT, Al, In, P£r£/&# 
^bT^tP^frSSrM^-x HUlBAl, Ga, As&Mf&ftbL-X'£tftfi$Z 3 tmi£mttto 

tsAi, in, p&^fttisXttmz*m&mk<DftmK nft&8z&iG<Dtov>& 
wit— m^x^^tittm^%^-^^—Yx^^t^w^t\^x\^ 0 

[0246] BUlE^— ©#fi!c«IO®»3tl^— If^^- K^*5WT, Al, In, P&^&#£UC 
^tftulE¥^®«^ #Rtfx (Al Ga ) In P(0<a^l, O^b^ lU<9fif6££ 

a 1— a b 1— b 

[0247] f^w®*^— If^r*— Ktt, ^gt^^StJil^^Wm^Jg^ 
©HoteSi:^SJ:5^fll^$tt. a»o % StrlE*iB«««©*±SPH:ttAl, in, P3: 

^^^UT^tf^^^^^tLTV>6o Hot, Al, Ga, As&^J&frtVX 

mztetffeftX^*. b^tKAl, In, PZ3i}$ftbl,X^&¥-mi£m±.^Al, Ga, 
As^^^i:bT^i?^^Ji^ H s H ^^-^^, ln<D*^}}~*~/<-t£b\ I 

Blt*fcofc 0 &3b\ r.©rajBtt, Al, In, P£3EJ&#tLT^fr ^ frJl±tCAl, 

[0248] r^(^L, _h|B*— o*^MOffi»3t^— tP^T*— Kmsswcwu HI 15^ 
-TJ;?^ Al, In, Ptt&frbVX'St!¥mftmibAl, Ga, As^r^^UT^tf 

bx\ ^m3K^^yt^m^(Dmm^±mKi^mT^imnvx^, ±m 
n<D&m&*>&&&&.Kx%>, u-^mMis^m<vmi}n%M&fcmm~rz>^b&x 

[0249] riT\ Al, In, P&£j&fc£LT^t?¥3*#m£Al, Ga, As«r^ft#£l/C£t? 
[0250] huIBAI, In, P^^ibT^tf¥#^«l^bT«,M^^(AlGa ) In P 

- ~ a 1 — a b 1 — b 
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^mt^650rLmm^<D^m^ytU—"f^^-- mi>~b?>A,(D~b. 780nm 
ft, 850nm^&£\ ^«^M#^<AlGaInPJl^V^®^7tU-1f^V^--K^ 

(2) m~(Dmmm 

m&mhmmmh*mttm&m^fvt£&mmm,t, MfEGaAsstgj^ mm. 

tulE^#:^^^^^^^ / >^<^-^tt, Al, Ga, AsSr^^irL 
tttf^iW^^ Bfjia^'M^ftuHEAl, Ga, As%3lf$ftbl-X^&¥W{£ 
mtom^ ffffHAl, Ga, As££j&#£UT^tP¥#Wl^LT, Al, In, P&3£ 
fife^UT^tf CA1 Ga ) In P(0<a^l, O^b^DMfU fufEAl, In, P£r 

a J-a b 1-b 

^fitftbUXStt (Al Ga ) In P^a^l, OSb^Dittt, piK-/^i 

a 1-a b 1-b 

LTMg^^i.JWpJ^ tulBAl, Ga, As&^/£#£LT"£tr¥^flcJg 
[0251] Al, In, P*^^tbT^tf^frS©pSiK— ^"«>hi:L.TttZn(ffi»)*s— 

[0252] rnt^t, p^K— /^hk\^X&^&Mgfctem&m&Zn£.V-b'h£<, -LIEFpIM 

Sr3fe#T?#5^, Al, Ga, As^&ftbVX-S&ttmftmX^ C<DmHkm%L<Djv 
[0253] ^tc^X^mmmXl^ Al, In, P&£j&#£LT^fr#*JIWI fcte^Mg* 

ssanu ai, Ga, As%^f&ftbLx^&¥mfcmfcnc%±i-m[ii,tz 0 ztuzixy 
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(3) lH©«^j 

^mm<Dmi2mm(DmE.(Dm}^m^x^mm^-^^—vn, GaAsS 
m&mtmmmt&mttm&m^/vtd&mmmmt^ HtriEGaAss^ji, mm 

mu^mw-ft^y^yy^WLWpt^t^m^ ai, Ga, as^^^-^ut^ 
tf ^mwm^m, mmmamtAi, Ga, AsSr^^^bT^tp^^s^ow 

^ ftjfEAl, Ga, As££j&^bT^t?^Wi^bT, Al, In, P«r£jjfc#£:b 
T-a-^(AlGa ) In P (0<a^ b O^b^ 1) BSrflfttf, BUlH (Al Ga ) In P 

a 1-a b 1-b a 1-a b 1 — b 

(o<a^b o^b^DSf*. AiinPtGainp tx^^mmm&^mmKxm^ 



[0254] wmz.£^xmt£Z>f)K ^mfom&mum*. ^mmm^mm-r^m^m^ 

#VM3:^tf *-r-5o Z.(Dfcfr, 45uTO-Cfc5AlGaInPftt^^?SJn:^i-5o 

^(D£?tj;ft&mxm^tcmfe®M,\mmi£-fs m&M*Kwmzti. fstt 

v^59M^£bTWc 0 

[0255] ssstti — w-r^--K-e^, mmft<Dte&£Vhftftm^£<om&&3Lizftim 

f^(DU^mm^tix^^m^tmmxh^t^'i-^t^x^ 0 fcffu mmm 
moivctt, m&^ffimz~rz>^tx\ t>-rfrK&®$fmk-rzb<Dm&i>&Z) 0 b 

[0256] rrT% 47cW^^&5AlGaInPJ;?)t3^W^&SAlInP J ^GaInP©IKiififtT:tt 
/h£V^l<b^b> bd^t, AlGalnPtlHtHil, AlInP-^GalnP&GaAsS^Clte^lg 
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&MX%, 1£M£VhM^^^Mzmffi : £Afr»Smkfj:<0, ffi;^_L#u ^b^X 

&mtimi¥^m?mm^-^^*-v%n%^t&x%z> 0 
(4) mv3(Dmf&m 

^w<Dmi2(DBM<DWim(Dmf&M^£z ) m?£yti'— if ^^-—ra, GaAs^ 
mm*mi£ftfty^yyRMm<D'pfj:<bh-m^ ai Ga as (o< x ^ d tz.xzm 

x 1-x 

y l-y 

Jf {£*^}£WMtWite> (AlGa ) In P(0<a^l, O^b^ l)^^ tufS 

a 1— a b 1— b 

bzwm-fz> 0 

[0257] HI 1 6 ^huIEU 03 ©f#^!j ^ i^S^^V— -fffj*— K<7)tH j^^^i-o 
[0258] 016^#^-t-5^. tff|E^E«^!l^J;5®l^feW— 0*^*— K"C»i, 

, HUfE±§PS^305^ *t>fi&ttJi307»!l5£V^®*f*JiU/4Off$)308Sr 
, (AlGa ) In P (0<a^ 1, O^b^ 1) KiMl&ffct&Zb'V, ftflE (Al Ga )I 

a 1-a b 1-b a 1-a b 

n P(0<a^l, 0^b^l)S308_h^Al, Ga, As&&$LfrbVX'£ tf (_b 
i-b 

§BKI* &305) ^*S^^-r*ii^o*B309S:, «*3^#*©«Nfc— 
TV>6o r^i-=t<9, #®309^4b^t53t^W®^^#^^: | l 1 S^'fS^^, In©.# 
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6^*3V>T, ##310ttT*PR*Hfc(— «B)-C*>5 0 (H16<P, HftSB_LgBSl*«£ 
305te, -t©— SB©^^EI^$tLTV^5o 
[0259] *fcHI16(D#|^(Cl*3V NT, MI5T§PSlt^310^, Sfil^yWl:, ffiS#T^ 
»3ftSAlAsJ;93&5»--TlflJS*M(li:,ieJB*f*JidSAl Ga As(0<xl<l)J;^ 

xl 1-xl 

6m-T$|5St*M<t>^<i 1 bl/iJ;!9^(AlGa ) In P(0<a^l, O^b^l) 

a 1-a b 1-b 

[0260] AiAs<D$mm*. Ga&frTfrK^^zfmx*MMiz.m*-rz> 0 ^ti^Mu utr 

««E*E^fllatS:»ffi Ufcfl*3t©»£\ AlAs{&g#T^ S Sr^9 V ^fc#-TSBK*NSfc£ 
[0261] *^|l|16©«^tCl*5V>T, Bff|B±«RSI*«E305^ttTlflJSIt«£310^JCAl G 

y 

a As(0^y<x^l)c£9&5iS5a#f#Uii:(AlGa ) In P(0<a^l N O^b^ 1) 

1-y a 1— a b 1— b 

xytezfemffi^mttimmznzm&^ftbfDftwi^mmAiGa ) in p( 

a 1-a b 1-b 

0<a^l, O^b^Djajajfr^Si^Aim^O/h^V^Al Ga ) In P(0^al< 

al 1-al bl 1-bl 

a^l. O^bl^l) «t*)*S I t , MJB (In#li8lfMJl) Sr«!^5wi:iS-c#5 0 
[0262] r©<fc5tCAl^©/h^V^ra«S:if Ai"§riT\ (AlGa ) In P(0<a^l, 

a 1— a b 1— b 

y i-y 

, ^(D#ffi-e(DAl|a^^U (Al Ga ) In P(0<a^ 1, O^b^ l) {S®#T & 

a 1-a b 1-b 

S_LMA1 Ga As(0^y<x^l)i^jSJ(f^jl^Jt£V^#tSIS-e^tc:^T^o 

y l-y 

[0263] JCtC AlGaAs^#5|Sf^AlGaInP^*t5|Sf^©^7 i n^-a'Tf* > AlGalnP^^JjSf© 
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[0264] S&IE_bffl5K^»305fc5V^iTIHSSIt«310O5*>, pSR*rt*Sr#J*i-* 

ffJlE^fr^^^H^^^VN-Cfi, Al Ga As(0<x^l)fJg;Ja$ff^ji*5j: 

x 1-x 

U*A1 Ga As(0^y<x^l)mmffimmKpmF~s<>hb\^XC(fcm)%mUU £ 

y i-y 

b^fltnSCAlGa ) In P(0<a^l, O^b^l) «fc!>&5{£JS#f$SJg308l::i3u p 

a 1-a b 1— b 

§y K-^h^LTMg (-^y^yvj*) tmto-fz>&? mw^u-ob £v >„ 

[0265] £fc, fufE(AlGa ) In P(0<a^l, 0^b^l){£a#T^JB308te, AlInPtG 

a 1-a b 1-b 

aInP^^^6MJlWS^«^(-J:^«^tLfc^#:ii^fcoTt^V\ 
(5) »3i©iJ$« 

<Z>— HufEAlGalnPiM^f^jli^^^^^Kdr-r^^/jN^vHAl Ga ,) In 

a 1— a b 1 

PCO^a'^l, O^b'^DIW^, HftfBi^FiSttJite, JEEflS^&^-TSGa 

-b* 

In PAs (O^c^l, 0^d^l)S c fci9^t9^^o > ituffiPf it® tel. Ga In PAs 

c 1-c d 1-d . e 1-e f 1- 

f 

[0266] gp*>, Blie^WCW:, ±lfPSlt^305^«^i-^M^T*Ji^>5^-e / >^<i: 1 b^ 
<4Jl307H:ftta£V^JBiff*JiSrAlGaInP»i:b, WM^i^FiSttflteW: 
GalnPAs^f^SrJE V ^TV ^ 0 

[0267] ^X\ y^V^^WPcX&Zi (Al Ga ) In P(0<a^l,0^1)W 

a 1— a b 1— b 

M.&t^Al Ga ) In P(0^ 

a' 1 — a' b' 1— b 

^m^mt(D^^^yzfm^h^m±^^t^x^ 0 ^x\ x^—v-m 

m^M^t^(D^yYmt\^x(Dmm^^x^m^vx^o 
[0268] ^yrm^frm^^^x&zt, ^m(Dm^m^m^Mh^^BR(D 

i&mffimmhmm%:^L'X\,^igi&fc3bZ>o *^i©i^^©t^-C14, (Al Ga 

a 1 
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) In P(0^a'^l, O^b' ^1)^^— VMkiAl Ga ) In P(0<a^l N 0 

-a' b' 1-b' a 1-a b 1-b 

[0269] M&tft<DmMMm^m.Wl'frm2$:mm-rZ>fc > AlGalnP (^-If/D/Gal 
nPAs (i^F^'IM) ^780nm®^^f:l/-if^V^--KT1i, ^—^m^< 
^K=3r>^Eg^2. 289eV<D(A10. 7GaO. 3)0. 5InO. 5PS£f£V\ i^FS 

J:<9, AlGaAs/AlGaAs^780nm®^}fel/— if^V^"— Kf*k£«fc«9, AlGaAs/ 
AlGaAs $ 8 50nmffi^^l^— if ?4$r*- K «t 9 1> , IfJf ^i^#FI £ O HQ 

[0270] sat, mmm2*^m-tz>\^ m^zo7&m&&M&<Dtt#7smfc&Y)te& 

[0271] *ISW^>^12©|IJS^tl8©^i«JSfcMt-<ttb«r, AlGaAs/AlGaA 

sm850nm®^3fel/-W^-KJ;9^^V^b#V^jt(D«^^.iftffi^ffi^^^- 

*U £*MCfc»^ JtBif9aUWDBR305©S*t*ffi«dSRrfiBi:JS:5o r*U£J;!9, ®3S 

[0272] ^fc, fulH*T-#F^ttS307^(D*^-#Fjl^GaIn P As (O^c^l, 0 

c 1-c d 1-d 

^d^l)®^<fct), £fcltm*^#FJ&14Ji3O7*0>l¥M£Ga In PAs (0 

e 1-e f 1-f 
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[0273] Z(D£?K, *nMM1fe<D$&3L(Dmj&miZ-£til£, X<<— ff-Ji©— ^P^AlGalnP 

[0275] i£tc s m^mtizw^te^xh, ^(Dm^mmwmxmmvtcx^ 

-^^-V(Dm^^^m^^^xmmmtvxi^t>tb^GainPAs^m- 
xn, m-^m^xbmT^tGainP(D^h^y^m^^\ ^tc^^ 
^m^i^^un<D^^f£^>v^yzf^m^x^ 0 -i-tztt. mmmtv 
xGainP^(D&^7£m$4^^m*m^kK£V)^ mmmt&^^m^mt<D 

mtte&o WlX-lt^ Ga In P^WO^m^^V^y^^. 02eVXfoV^ Ga 

0. 6 0. 4 0 

In Pfa^-m&m(D/<>'V3c^y?fcl. 87eVXfo<9, Ga In P^lo^^il^ 

. 5 0. 5 0. 6 0. 4 

^^^^(D^n50meV±^^t^B.M-f'^Xh^ o 
[0276] ft*3 % ffi$5.m3.(Dmj£M-Vte. AlGaInP®^ttSfcft^3fiV^JS«f^Si:b-C 

IB^'l4jf^tul5Stt^(^^^^ttfe^^-^Ji^— ^SrAlGaInPJlJ:^#^ 
U ifulE*^-#F?S'l£JI£> jE«I^Sr^r-r5Ga In PAs (O^c^l, O^d^l 

c 1-c d 1-d 

)«tt>#|j*U BtUBPtaWSTx Ga In P As (0^eil,0^1)^»Ucf 

e 1-e f 1-f 

£"Cfco-Ot>, fufE^.yK«2:AlGaInP<tU PfMS^*^-#F^tt®^GalnPA 

[0277] -fteti-h. m=(Dmj&m\z^^x, mmmzB^-^^-vz. mmm'\±mt 

V-m<D— AlGalnPjiJ;^^ iufE*^#F?S'l£jite, J±$f f£^£r^ 
LfcGaln PAs (O^c^ 1 N O^d^ l) £9&<9, SulHP*^)!^ Ga In PAs 
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-f 

[0278] ia^ s (Al Ga ) In P(0^a'^l, O^b^D^-fi^^ 

a' 1— a' b' 1— b 

Z>-bX, ^—^m&MGeiAs^X'M&^tc.M^tt:^ V-mtm^ttFtfe 

[0279] ^fc, rcD.fcp^^^yrMD^fe^i^Of^ii. 48j:^*^#F^'M^f£ffl 
^ttS^LTGaln P As (O^c^ 1, O^d^ 1) £H£V\ f^M^LTGa In 

c 1— c d 1— d e 1 e 

P As (O^e^l, 0^i^l)&m^t^£V)^ mVkm307frA\Z^A,X*\,^^tf®- 
f 1-f 

[0280] -r&^^ *mf$m^£ti&. ^m<Dfm^^<. {sv^vMi^u mm 
tt^ftfcssonm^M^s^tMi^ 

(6) m*<om&m 

[0281] *f|ffi£cD®3§3tl/— iF^f*"— AGaAs/ / AlGaAs^?§14ji^^-r?.780n 
m®B^^~ifyV^KO^ii;b^-r5^, AlGaAs/ZAlGaAs^ffilS^W- 

if ^v^--K^^n5Ai Ga As (o< x ^ i) m*^— y-m^mm&jteMmm 

x 1 —x 

tdjoV^Tft^^K^^^^V^Al Ga As(x = 0. 6, Eg = 2. 0226eV) 

x 1 —x 

^^*^780nm(Eg=l. 5567eV) (^?g'|4Jli:<7)/^^K d f>^^«^ Jh-'MW&M 
^tf^-YXWo^ (Al Ga ) In P (0<a ^ 1 % 0 ^ b ^ 

a 1— a b 1— b 

i)^—^m(Dmmmmmmmxmh^h^^yzf^^(A\Ga ) in 

a 1 ab 1 b 

P(a = 0. 7,b = 0. 5,Eg = 2. 289eV) £McifcK680nm (Eg= 1. 8233eV)(D 
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[0282] mmmtm*#7 s mi±mk<Ds<>'V^y7'MK^^xfyZ)b, M%.&mm 

JI^Galn PAs (e=0. 6 % f =1, Eg=2. 02eV) b-ttltZ* *a^ft680nm 

e 1— e f 1— f 

O^ttg £<7>^K^^:7^;^:feJ;^200meV£ft9 „ AlGaAs/AlGaAs^?§'l4 
mfc£Z780rmffimftU—^yj*—h*<Dm&bmgm^bts:Z>o 
[0283] ^tU3, AlGalnP^^— fl^V^K% m^5^680nmJ;i9^S^S 

— KT^oTt>, AlGaAs/AlGaAs^^'|4jl^Wt-5780nmffi^^:I/— If^V^- 
(7) ^-bco«^M 

m^mK (lll)AB^fR]ic5 0 ^20° (Dt5Hrt-eM#4b^(lOO)ffi^bT«^ 
£*ltv ^b%W&b-f% 0 

[0284] Al, In, P^A/fcM^-^, GaInPcO|gfaJ^5^*5V^T«, X^®;^/^!^ 
Jr^fPU #^AlGaInP^GaInPj!0^rBi^*-ef*> (111) A® 

^^5° 7^20° (D$5Krt^iS(M^)^ffi^bfc(100)GaAsS^> tu 
m&^4ibl,xm(Dtm^^\ ^.tltt, S*Sc7)®^i^(100){c:3fiV^^ N g 

[0285] — ^^mmm^i^aoo)m^h(iii)A.m^^im^^bj^.mni^\^x 

[0286] L^U (lll)A®^ft<DM#4£l^20 o SIKi^^^S^Hli 
M&5o ^<D±£>, if (630nmj6^680nm)©#3fB|.^-C^fc>tfCV^ 
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5AlGaInP#m?te, 5° 7^20° ^Hf^^«^Ut)#<^^ 7° 75M1 

^^Tfi^Sc JEfctt, »SJi^*^#FflH4Jl^GaInPAsO*a--e*>o"0{>S 

20° <z>iSHrt^J^-0;91I;i;L<te7 o 7bmi5° <DimPi<DM&te)G&Ut( 
100) GaAsS^Srffl V ttt&milAi \ 
[0287] *>fc3*K: % <H3t^lRlft!MW^OV^TI4, #5B2001 -607394^^ &K<Dm&1iL 

^(ioo)^^(iii)A®^f^x«(in)B®^-fpi^i5 o ~4o° ®muzw$&m 

V\ yt^mnm^^nmU 3blCIJEE*t^£:#-t-5InAlGaAs, InGaAsPj^&S 

flJflpaffij&sfB^ih/ri^o £fc> #BB2001- 16846 l^tf&Ua*, pMftgMfc&RJg 
x ft R^ MFiMtVX, fttt^fBj^r (100)^(1 11) A®^fBlXfi(lll)B® 
^iRj^^-fS^^lB^tLTV^o S«tiS^ffitt(100)^fe[110] 
^•^^2° ^(-5° ~ + 5° ^tp)Uytt©t?*>?), A®, B®;frPWgMUfcS 

[0288] *»M^l2^«^ffiO|R^©«^K:*5^5®3S3tV'^-1fy^— K"Ctt, fil 

^Srfu^i-5o La>L*#j£0re3\ m^*#^ii^nTv^(3ii)BS^ffl 

^iS(311)BS*R(25° )«fc!9/Js*V^5 0 ^b20 o ©$g|Sft)fc^ S«=**h£ 

[0289] ^ri-e_b|SH-b(Z)*j^M-e«, roiST5>^*^-#F^ttS^i±^^-^x.6r 

[0290] 8&ffi#-fc©«j£WfcJ:3ffi353tei — if^^-KTi*, ttttiU^fta* 
ibBfc^Ji (DKmjfm%, (ill) AB^rpS] j&Sft < ft5 «t 5 ^^^tt^fc-ti: 
3 Q S#3tew- if^-f^— KO^Wft^iftd^^jSHfeS^^l^ifr^ 
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hmjj&zmtcit, (i id As^-fRi^ftv y&Rirr&LkKXox* mm^fa am 
[0291] mtdmi3(DmmnmM. mmmi2(Dmmwm<Dm— <Dm^m^^oM,m\^t^ 
[0292] ^mm(Dmi3(D^m\^n^mm%^-^4^~YAoo\^m^m^, an) 

A®^|R]{dl5° W4b/cn-(100)GaAsS^411^V\ SulEGaAsS^llJi 
n-Al Ga AsJl£n-Al Ga Asg£r, ^JCft^:fett331§|g?K:R<£>l 

0. 9 0. 1 0. 3 0. 7 

/4f§(Dj?$T^S^iJ^^35jl^aSb^Jl^#ag412^^(DJi^^l/ / 4^ 
S<7W£^J&£*b?cn- (Al Ga ) In PffiJg jff^S (^yKJS)413£^\ 

0. 7 0. 3 0. 5 0. 5 

n-^mW-^^y^R^m (T£BKtt§t) 4i4^bT^^nrv ^ D 

[0293] £fc, tfflEj^fflftat412^-e#<9^bjl^^l^i^«^-r6n-Al Ga As 

0. 9 0. 1 

Jltn-Al Ga As® t<Dm\Z.^ Aimj&£r— ^(Dim^hi&jjO^mzM* \^\Y> 

0. 3 0. 7 

[0294] fu|EMl^tfit412_h^tt, 018^^5^, Btj|BS^411^^-^-f-§(Al 

0 

Ga ) In PT1ft^—Vm415b,l±mmWmm.J$Xfr^Xs<ls}?^y-7 

. 2 0. 8 0. 5 0. 5 

^ft^780nm(D3/l(DGaInPAs*^-#F^'l*S416*D £U*jtu!E^£41 1 \Z.^ 
^^-T54/i(DGa In P^S417£^S&::^Jib7t|£ttS418^ (Al Ga 

0. 5 0. 5 0. 2 0. 

. ) In P_bgR^^— th)l419^7)SJIg^M$^TV>6 0 

8 O. 5 0. 5 
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[0295] Skfcfl&lE-LSB;*'**- f-^419±(Cl« > m&^(D\s^3m$L&<01/4fa<0 
J¥£tf>p-(A1 Ga ) In P*£JB3W1 (^yKJf £3fcfe5)420£, p-Al G 

0. 7 0. 3 0. 5 0. 5 x 

a As(x=0. 9)i£JB#f^®£p-Al Ga As (x=0. 3) iftB $x&Mh&l£K\Z.m 

1-x x 1-x 

lt«t422^*5v^Tt>, ii5@iff^eiig;B^Ji^^ffi^«, tfrisT^stt^4i4<> 

[0296] $fcH:fltriH±SPSI*flt4220*±SPk:W:, «ttfc©WC^— Ss^ai'^W&ifc**- 

5p-GaAs=^^hS423*5^^$tl/TV 

[0297] frfr&mrftvt&y wimr^Rmm4i4t±^mm422t(Dmn, mmm&cvi 

m$m&424ks flfriaT*us*Mt4i4i, Sui2_b§ps*r^422t^j:t)> mmytu^- 
■^400(D^mmmm^m^n^ o 

[0298] #Tiaa5l3©^^ffitJ;5ffi»)tUr-1fy>f^-— K400"^H:,p-(Al Ga ) 

0. 7 0. 3 O. 

in P{£JBtf*Jl(*9yKJi&afcfe<&)420£, ilfrfE{£JB^Ji450±fc^j&*n 

5 0. 5 

, _ha5Ktt^422^«j^-T-5p-Al Ga As(x=0. 3)425b<D^426(mi5<D 

x 1-x 

#E3^tS^)Sr«#34i^r9-*OSi5^e^— S£ttir-0^„ 

[0299] *>ft3^ £^^#©*±l8HCAlGaIhP*95'KJi (*^— dSIK 

tt£*VCV^ 0 r<©«t5'fc«lfifc-eW:, *^^#£AlGaAs^#^£t>ft5J:^ft 

, In, P&£/&#£LT^tf^gft:Jf _B£A1, Ga, As&£j*#i:LlC'£if 2 NMtti 
«r*&ft/*ft"*-3#£\ In^dr^y-^— /^-^^IncD^^S^C^i-<, b#VMB© 

[0300] *IS^©IRl3©||Jfi^t8fcJ:tLti, #B426Sitl?.Sftft^O«i»!i— »$*-C 
^5fc£>, |^B426j!l33»t53t!RiR«)*#tt^:WtJ:ffi«$tb, w<E>$B#-?InO#ISi 

fulSp-(Al Ga ) In Pi£ffi#T^Ji420£fufEp-Al Ga As(x=0. 3)42 

0. 7 0. 3 0. 5 0. 5 x 1-x 

S^^^^.In^f^^iJjStLTilEteffi^jii^Aim^^/J^V^^Al^^ 
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[0301] m^mis^mmmmx^ is-vmmzsm&&tt&'tzmM.i>*t>. 

Rki^414<D?£&mi8Km>i&^1&m&r^Mh(Al Ga) In PjgtLTWSa* 

0. 7 0. 5 0. 5 

[0302] J^T, fl&IS»l3©^16^«K:J:5ffilS3t^— K400©3K3finjfe*»iW 

[0303] ^njs^flg-ctt, mummft^-^y^-V4oo%mf$^z¥mi*mmmmn 

A(MJ^/WT/W^^A), TMKMJ^/W^^A), PH 07^:7^), AsH ( 

3 3 

2 

4 2 

[0304] MOCVD&T'ft, / m^{fcl#4S^<t5^«i^^. JgS-^#t^»^^j^i- 5^ « 

[0305] ful5mi3(D|lffi^-X?fi > pilljDBR^-T?HfrfB^ttll418^i£vMSaW®cD- 

g&&AlAsJi£LTV^ 0 
[0306] roj;5^bT^^ttf^Ji«^^^^^^^^i-5ri^j;^^^© 

^^(^iHlii^e^^K^p-AlA^^ 

X 

y 

[0307] ^(C. gj|H^^«5t426Wj^H^y^K^432ffi^iAAyWta'fb:U £<b*-JtfriE 
3V^^hg423iiCD^ffllt^29^^^5^^^^SulE/Ky^Kfll432^^* 
-T^o $^^BUlEpM=i>'^^hS423_h^ > fu^5feffilt^29^[UjgLTp#jmffi43 

o&^j&u £ <b ^s^4 1 1 (dmw KniMmm4 3 1 %]&j&-fz> 0 

[0308] ^»M^a(DjS^^;U-if400T:1i, Al^As£^J&^Ufc^lRi^JS42 
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[0309] ^m^mtm427^m^mit^ftMmitmx^^m,mm^m4:28^m^ftmm 
[0310] s&k:, fafrz>nffimmm&x*n, m^thtc^428mA\mt } m^^-t^t 

[0311] fc*5 % *iir^itii, mm%u-^^*—y<v%&fti^fafrh&t^^yt 
&&j?mteb*m<D : &ty;xh&i<\ z.tiK&v, Am<ti^28izL&y)mf&zftfc.wte&. 

AW (111) AB^IrJ Km ^VttteZo 
[0312] tfj|B^13(D^O®|g^:W— if^-T^-— K400-T?{i, *(ffBSH±JB418Hl* 1 bi£V'» 
^tt^422(^f£e$ff^S425^^— f-il419tCAlGaInP^C0|t»fflV>, 
ji417^a^ : -#Ffg'l4ii416(CfiGaInPAs^fflV^TV^ 0 ^cD^ N tfttHtSr, 
ffi ^ffcfl* ( 1 1 1 ) A® #1*1 Kl 1 5° ffiMVfc. (100) GaAs^4 1 1 ±AzMf&L,X\ ^ 

[0313] *fc_LiBfl*J**m, ^ J ryTP^CiA&Ofc*(Z)^7iyKjl(^'l4jl418^a i b^V^ 
tt^422^(D{j£®J)f^S)420iLT > !7^K^V^W-Cfc ; 5(Al Ga ) In 

0. T 0. 3 0. 5 0 

. 5 

Mfctt, fu|S^7^K]l420^AlGaAsT?^^bfc^'^cD/^^K=¥-r^^ 0 ^466meV 
(Alia^cO. 6<Dm&) Kkt^X0mK*^^743meV(D/<>'V^y^mmbtl% 

„ p*M4i7tfiH4Jg4i8^W^v^, ±fE«jte.mtf<W*;*& 
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[0314] ®3§ftw— if^T*-— K400-CW:, mk^H^^ i*v tev^b 

[0315] (Al Ga ) In P<ftJB*f*JB420^?SH4Ji418tOW©^^— ^Jli 

0. 7 0. 3 0. 5 0. 5 

L-T (Al Ga ) In Pjg419&lJi;£tt^J5fcL;fc:3&S, • SftlB^^— ^JPSr**© 

0. 2 0. 8 0. 5 0. 5 

¥i^l^^UTtav\ AlGaInP{S©^jl420^AlGaInP^— ^ 
[0316] 3:7c, BUlBSttS418^Mii417{i > AlSr^A^V V^V^^^«^^T^>9 

[0317] IfrlBS^^w— if^^-H^OO-e^, fi3)teflJ#P&, 3E4R41 l<£>fB£Mc«fc5 

[0318] *mfi^flROffi5l3tV'— !fy>r^-— F400-C«, Jft^T^&ft/Tl^Oll 
) BS^K (25° ) ^JEV^m-ai-Jt^T, K4Kffi£tfl2 s /h£< (15° h Z.<Dltlt>yt¥ 

[0319] rcDfcfe, ^||Jfe?f^-e{id^^^^lJ#^'l4^^^s fulEi^F^ttJl 
416 KiJBBNl56^^«it ^ it) . ^feSfTlS*^ 
#Fi5H4Jp4l6©*WaaMfc8r, (lll)Affi;#lRlU:*<J£ffii-3, ftttitt^P^fcji, 
-C^tt^W^J&U IWIBfflK««4*lRl ((HI) Affi^|n])-O^^^JflJ#^ 
*£ii:3£fcK:Wffi«UT:l8!K (3ll)B^WJffiii:b-<-C^^v^«J^^ 

[0320] ^0^omi3cD^W^^in«\ SH4Ji4l8©flI#i&s*:#<, L# 

y-r*— K400tt, Al, In, P&^ftkLXi$tt 3 £mftm4:20±\ZAl, Ga, As£3£ 
^^UT^tP^#:ji425^f 0 ^rS^^InO^ll^^C-C^^tL^J:Sb 
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[0321] 7^*5 % mm^i3(DmmmmK^m. ^m^M^^v^t^x^m-i. m 

[0322] flRtf, ^mMftm^mmyt^— K«T, AlGaAs/AlGaAs^ttB 
^^5780nmffi^^l/-^-r^--K^m^<ti:b^i~S^, AlGaAs/AlGaAs 
^ffi^ftl/— iF^V^— K^£fc>;*v5Al Ga As (0<x^ l) ^SOU^ 

x 1— x 

^^ISia^V^-CftV^^K^Vy^^tV^Al Ga As(x=0. 6, Eg = 2. 

x 1 —x 

0226eV) ^|aj^^5:^780nm (Eg = 1 . 556 7eV) (D^'\^Mb(D^V^-y^M 

^nMKmK&tfzmmyt^—^4*-vx»mfrthz>(Ai g & ) in p(o 

a 1— a b 1 — b 

IGa ) In P(a = 0. 7, b = 0. 5, Eg = 2. 289eV) ^l^^ft680nm (Eg= 1 

a 1-a b 1-b 

. 8233eV) (Dm^mt^^V^y^M (460meV) £»5t£^bV ^t&frfa& 0 
[0323] ^Jli*^-#F^ttii^^<^K^>^^^oV^-C^5^, 

gSrGa In P As (e = 0. 6', f=l x Eg = 2. 02eV) tirtl^ ffi^S680nm 

e 1-e f 1-f 

<Dm&mt(D^>'V^y/*M:fcte£ : t200meVb?£ v ). AlGaAs/ALGaAs^^'14 
[0324] rtVtt, AlGaInP^^-<— f-jf219^fflV^-^-C\ m^5r^680nmj;^^ 

s-c&tui\ Ai^y -^ttis ( *^#mi4Ji 2 1 6 1 pt sji 2 1 7) v ^mmyt 

K"<?feoTt>, AlGaAs/ / AlGaAs^?Sttji^i-5780nmffi^^; 

o 

[0325] Sfc, fufE^il417^Al^-**fc^^f^^ eSOnm^ft^eSOnm^lSftGQ 

So 
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mz*m®(om4<DM&^ m20icm^^xmw-tz> o m&mwmi&Mmiz 

[0326] m\2on, *^ioB%3tU'^fm- K500©i£^jaa#3t&t*fflbTifc:*: 

[0327] 02O£#J$-f-<5^ S^W^tt, iai8©^13©HJte^1H©flffig 

irl^C-CfeS^S, Hfj|EP«a417cD^'9^, 3|o!R»«:3rr5Ga In Pit) ft 

0. 6 0. 4 

[0328] ffi^S3feI^—1f^^— K^V^T*^#FflH±JBOl»»BfcL , rffit>tL«GaIiiP 

--e^®417a^UTGaInP^^»^^/5S/jN$V^5|Sf^5^^^ t i;(9, ilg^ 

00O*lJ#£if *£^5r£tfS-C#5 0 m^«t!9, KttffiV>b^ 
VMHT\ i*5a^7»^Rrt|^^ 0 fllj&fcf. Ga In P3|o3g!)3^l417atfV<>'K 

0. 6 0. 4 

=¥>^°f*2. 02eV-X?fe'9, Ga In Pl£^3g^JB417<ZV^>^^s/:^£l. 87e 

0. 5 0. 5 

VefcUKGa In P§[o5gf9^S417ac7)/^K=¥>^O^-^150meV^V^ 

0. 6 0. 4 

[0329] ft*5 x Pfl£Ji£bT3io^Mmj&J13M£v\ '^ttmfc&ntttt&m*. 
p-^mfcftlfiZf9vyRMmz.$3tfZ> > p-Al Ga As(x=0. 9)£p-Al Ga 

x 1-x x 1-x 

As(x=0. 3),Mfc3#JlflKt*|S©K— ^h^CSH£V\p-(Al Ga ) In 

0. 7 ■ 0. 3 0. 5 0. 5 

[0330] (Al)GaInPJS<Z)pMK— '^l^bTZn tfSj£<JBV^:h/CV^;&^ Znte&ifc 
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[033i] &tt, ®^^i/-w^-K«, mm&ft^-vy^-wzit^xmmAmm 

MXtb&o 

[0332] — Mg»14:*<S«^ZnJ;5/J^<, ±fBfOT£&#T^3£#X.b;fr£ 0 U*»U 
Al, Ga, AsSr^^^UT^tf^^Sl^V^Ttt, MgOfttfcfl&fcfc^ C<» 

[0333] ^oT, ^©*»i-ett, AlGalnPS mttMg«rflSSDU, AlGaAs^/fSH^te 

<4»o*S*tt<BT*s*H^fen«o ®*3t^— KfcSswr, <S 

[0334] fc*5, ±|B©AlGaInPK©K— >*Vh&MgfcU AlGaAsB^H-'^bSrCfci-* 
-i^J;S^«,AlGaInP^^^^®^JltbTfflV>fc:^fclt-e^<, 

[!|21^^rJ;5^AlGaInPl^^J 1 T^S^^*^«^^ c P^^tt^tT, 

GaAsmW^^^UTV^ffi^^l^-1f^>r^-K^^V>T^PI«|J&S&^:^#e> 

[0335] ^S3021©#fifc-Ctt, nMTaJ^*©*-t»ffiffi*r a * s »«*^* n - A1 o. 9 
Ga AsJi511_h^n-(Al Ga ) In P^;/Wf 512tfS^&£^ JttrfEn 

, 0.1 0. 7 0. 3 0. 5 0. 5 

Sf^yK®512_b^, (Al Ga Q 8 ) Q 5 In Q 5 PT^^-^JB513^bT, £E«S3g 
^l^U/cGalnPAsi^F^Jf 514tGaO. 5InO. 5PPfM515^^S^ 
«JiLfeflH4Jl^**^ $b^BUlESttS-b^«> (A1 Q 2 Ga Q ^ ^ PJifflJ 
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^^w-^B 51 6^U-Cp-(Al Ga ) In P^yVMbH&l&f&Ztl, HUlE 

0. 7 0. 3 0. 5 0. 5 

Ga AsJl518^^$ttTV^ 0 

9 0. 1 

[0336] fiu!En-Al o Ga o ^8)1511^ £ ^p-Al Q Ga o As® 518(2, If^WV- 
ft, itufE_LT£)Ktt§t511, 518(Df^m^(D^m^519^mvr^^ 0 

h*4oobmm?mf$.&^-f%t>K Tm5L&mi3±$wn- (ai o Ga o 3 > o 5 in o 5 p 

IS@i(f^a^p-(Al o 7 Ga Q 3 ) Q 5 In o ^©iff^S^®^ A1 q ^ 5 P^Ga Q g I 

0. 5 

[0337] wiaoti^s^, *mfcm<Dm&m*. ^mmn^mm-r^m^m^ 

#lM3:^tf ^f^o ^<DtL*b. 4^^T*&5AlGaInPJtt#ft«^£^i-£o * 

[0338] K-era\ ^ig^o^fti^^^v^^^s^^s^^ii 

[0339] 45cW^fc5AlGaInPJ:t)t3^^fcSAlInP^GaInP©^feT:tt 
/h£V^fc^<b, L£4>. AlGalnPilnl^^, AlInP^GalnP^GaAsSlg^^^^ 

&&&z>^tfrb, ^m^mx^mmytu—^^—v^Ks #*aj&AiGai 
np^fcofc^^e^f^w^ 
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[0340] fc*5, AlGaInP^AlInPtGaInPtlC«t5MJS»®^^t#5t^^^bfc^<D^ 
JIM*. &i s U>AlGaInP£K&N^<£>{£@i>T ^S£UTfflV>fd^-C&< 
fcfc, 3fe(D|H21^-rJ;9^, r^±T^K^511, 518-Ci*^fc*^^ 
519^^ttbnfc#^foor^#fe^6rt^^s^^fcSo 650nm 

[0341] ^S^^^^fiS^M^^^^-e, ±SEfifj&te, />^<^SMlJ»AlGaIn 

imiKD-mmmm) 

[0342] ^mmwm^mm^—f^^-VQoo^ m^mi4(DmmMm(Dmmyt^ 

[0343] TUBiMm4i4i)K mmw4iifrbmm^ n-AiAsi&m&rmmtn 

-ai Ga Asmm^xmmt^3immmmvtcmir^mm4i2At,n-M 

0. 3 0. 7 

Ga As{S®^Si:n-Al Ga Asffi® W»££9JlW«JlUfcJ£2T^ 

0. 1 0. 3 0. 7 

- ^412B^ii^J; i 9^^n, £ib^<D_h^ tfffEn- (A1 q ? Ga o ) q ln Q P 

tcfr. ^-14^41 6x*m±ttm<Dnfmi&%cwu mmm(Dum±^m^n, 

[0345] fc*3, t>bt^i^«5g^0#^^^^^^ffi^ s MIBmiT^Slt^412A(DAlAs^ 

Ko«^fet^*g^i-5^Pt!|^fj:oTU*5o -*tf3\ AlGaAscDg^b^ 
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[0346] -<Dtctb, ^mmmmmxi^ mmrmRMm4i2A±^ mitmm^b^^Ai 

b^ttw-&&<o^fcm?zi&m i mx<z>o m«ii^HWf427^AiAs 
^fr^frKGa%mnvtcmxtbz>m&tet\ mir$!>RftM4i2A<Di&m$tmm 
^Ga^^tLxv^x^, z(om4k&&^M^m4km427£vi>m^Wi&&&z>o 
-<Dm&x%mmm2T&RMM4i2Bm&mktez„ tufBmT^st^^A* 

[0347] ^fctiz^yf-^yxn, wh^k<Di-£ib^fctkcz>&, ^mMMmxit, 
y^^A\m^mt^wm^mtm427tmirnRMm(DAiAs4i2A(Dmx 

[0348] -(D^-y-^y^yn, &m*citfx&* m^mm^w-r^^^y^^m 

-ein(7)^(451nm) bA\(D%&% (396nm) (Dttfrt'O, ^<Dmm^tK^<0. ^y^ 

^<Dmn^^-r^tfi>x^ 0 

[0349] ^y^^m^hm^mM-r^t, lxi(D%&% (451nm) T^tU^ ^frxmik 

m2T^RM^4l2B^X^^>^W±^^t^X^,^^^y"^M 

[0350] lfcfc_L1E& - n« TJ?pj!lJ<DAl o Ga o AsM#T ^Mt (A1 q Ga o g ) q ^ 
PfiBlfll^#Et> mX-U20nm(DmZ<D (Al o ^ g ) Q ^ ^5^60 

.5 

[0351] ^HW^-C«> ^J;5^cAlm^/^^^4 J Wii60l^^fA•t-5rt^ < i:^9, # 
{C >P -(A1 Ga ) In P{M#T^S_L^p-Al Ga AsfljjJSilT^JS^ 

0. 7 0. 3 0. 5 0. 5 0. 3 0. 7 
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y^280^^^#^-r6rt^Bi|g-efc^ o 
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[i] ¥-m4*m&b. 

wm^mw^yyy^^mm^p^kh— m-t, ai Ga a s (o< x ^ vxm 

x 1— X 

zmmm&'i-tezmk. ai o a As(o^ y < x ^i) xvtzzmyfm^tezmkfab 

y i-y 

mmm^mn, i&mi^mm^AiAsx^^mir^RMmk^ mir^m 
m(D±iz.mm^n^m^m^MGaAsxwj:^m2ruR^mk^hmm^ti, 

[4] ft ^^l|E«c^®^^W-if^V^--K(C*5V>T, ffjfe^-lhJiO— ^«(A1 

a 

Ga ) In POXa^l, O^b^lU^, ttjfB*^-#F^'l4ji f*Ga In P As 

1-a b 1-b c 1-c d 

(O^c^l, 0^d^l) J;<9&i9, SulE^il^Ga In PAs (O^e^l, O^f 

l-d e 1-e f 1-f 

=s i) Ko 
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[9] ft ^5|S«cOffi^^i^-if ^V^— Kfc*5V ^T, tfllE^^tett, ffi^&tf* ( 

[11] (lll)Affi*-^^5° 7^20° (Dggfflrt (100 
)GaAsS«i\ 

fulSGaAsS^_h^Jf^$^*^^^^, 

ffj 1&*mW>ft^7^yyKmm<D'pt£<bh— mt, Al Ga As (0<x^ l) £9 ft 
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y i-y 

fulfil— If- Jftf)— S3 &(AlGa ) In PttXa^X O^b^l) s 

a 1-a b 1-b 

l!u!B*^#F?&'l4Jf teGa In P As (O^c^X O^d^l) <fc9/«e?>, 

c 1-c d 1-d 

liufePfMJiteGa In PAs (O^e^l, O^f^l) £<9&<9, 

e 1-e f 1-f 

tuisstts mMJrfafrb&x (in) Affi^-fpj v ^mm^^m-r z> 

[12] ft*:«ll|2«c<^ffi^^;^-W-r^—K^*5V>T, P«ete3lo^^&^LT 

[13] «^ll|B«6CO®^^l/-if^V^— K^*3V>T, BtllB®^^:lx-if^V^--K 
^^S^^^^680nmJ:^^g^*^fc§rt^#^^t-S®^^^— 
Ko 

^> 

Sr^-frSXfMSr^^ 
g^|BK^^^^^^J:^^i^ff^^^T6Xatt^In<D^3t^^-^t-^-^ 

[15] GaAsSfe, 
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mm^mi^^^y^Kmm(D^fj:<th-m^ ai, Ga&j^As^^^ 

mm^^mtAi, Ga, a s ^^ kvx^&¥-mi$mk<Dm^ mm.Ai, c a , a s 
%3imftkL,T^te¥mftm\zmvx^ ai, in, p^^^LT^tp^wtsris: 
h\ 

BUlBAl, Ga, As^m^tVX^Wmi^mtmmAl, In, P^r^^irb-C^tP 

n&mismmnm&ytu- iw*-~k^*5^t, utriBAi, in, p£±/&#£lt 

-a tPBUlB^frS^, (Al Ga ) In PttXa^l, O^b^ 1) 

a 1-a b 1-b 

ft jfcSl 5fS*ic(Dffi^^v— -tf^^f— K^*5V vf, 

tfmi-fhfrlX&V, tfj|B^-<-f-ji(D— AlGaInP/I£t9ft«9, 
tfj|E*^-#F^ttJi«> Ga In P As (O^c^l, O^d^DX'O^, 

c 1-c d 1-d 

ittjfSI^Jite, Ga In PAs (O^e^ 1, O^f ^ 1) £9&5:i££#|§tei-5®f§ 

e 1-e f 1-f 

If ^^17|E«(DE^3fel— W^-K^*5V^T, jtulEA^FffittSte, ffi 
GaAsS^i N 

fufEGaAsS^J^TF^^tK l^— f-^^^-r5^^<^liiO*^F^tt 
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mm*mfcft^7vyKMm<D'pt£<tk~ m^, ai, Ga, As^m^tvx^ 
tuiasttsttuisAi, Ga, As%±f&ftbvx^-&¥mfcmt<Dm^ buieai, g 

a, As%^f&5rbVX^-&^mfomiZ-mVX, Al, In, P£:fej&#<tb-C^ii>(Al Ga 

a 1 

) In PCCKa^l, 0^b^l)Jl<Srl£tf\ 

-a b 1-b 

fulE (Al Ga ) In PCCKa^U O^b^DBKlte, pMV— ^hbVXMgi^^ 

a 1-a b 1-b 

tulSAl, Ga, As*3i}&ftbL-X^&¥mfcm^te, pIKw^bi:UC(^i) 
[21] |»^^20|E«feO®^^l-— if^^--K^*3V>"C, 

^m-fhtixtev^ mm^^—v-mco—m^ AiGainP® xv^, 

tulB*^F^'l4ii«. Ga In P As (O^c^ 1, O^d^ 1) £<9&9, 

c 1-c d 1-d 

MIB^Stt, Gain PAs (O^e^l, O^f^l) J^^^MfcirTSBIS 

e 1-e f 1-f 

[22] ft *^21|B4feO®^3tl/-^^-K^V^T. BUf3*^-#Fffi'!4ii^> ffi 

[23] ft ^^22is«o®B5ti— v?**"- y\z.^x, mmmm\^ zi^rnvm* 
m-r^b^mb-r^mmyti—^^-h\ 

[24] GaAsStg^, 

SulHGaAsS^_b^?f^$^ lx-if^^^-r^/>^<^lS(75a^#F^'t4 

suiEGaAss^±, mu^m^mm<^±M^Tmmnhfhfz±MK^m.'BL 
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mm^mi^^y f ^y^R^m^p^<th-m-i, ai, Ga, as^^lt^ 

liufE^ttJl^Al, Ga, Aa&^ftbVX'£tr 3 PmftMk<D!Rte.s Al, Ga, As£^ 
J&ftkL.X'Str^mftmiZ.&L.X, AL, In, P«r^ft#£L*C£tf (Al Ga ) In P 

a 1-a b 1-b 

(o<a^i, o^b^Dm&nv, 

(Al Ga ) In P (0<a^ 1, O^b^ 1) JpJ3\ AlInPtGalnP^D^^jl^®^ 

a 1-a b 1-b 

[25] »^3fi24|B«J©ffi|83te^— f*^^-KKlS3V vt\ 

asflS:r*G>;h/t*5»^ ttria^^— y-m<o— ftrau AiGainPjawft^ 

SulE*^-#F?S'[4il«, Ga In P As (O^c^l, O^d^l) <fc!9ft*\ 

c 1-c d 1-d 

itufBPf^JItt, Ga In PAs (O^e^l, O^f ^1) &9t£Z>Z.b&mkbtZ>ffi& 

e 1-e f 1-f 

[28] GaAsMtt, 

ffffEGaAs^ii^^tU 1/— !f7fe^^-r§^>^<^lJ10*^F^ 

fufEGaAs£&_L, SfrlE*^^«O^^^JilfP^t^TlfP^t9:tt^^Jigp 
ffj|E^#:^^^^SM^W^^< < bt>— Bit. Al Ga As (0<x^ 1) K£Z> 

x 1-x 

ffiJB*f*S^Al Ga As (0^y<x^ 1) fclJ:5ElJS *f*»fc«tD*t), 

y l-y 

^<^e&IHJSH4g^*t>3fiV^®*f^Stt, (AlGa ) In P(0<a^l,0^b 

a 1-a b 1-b 
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xl 1-xl 

Ga ) in p(o<a^i,o^b^Di&m^fmmt^m^htix^^mm^—^ 

a 1-a b 1-b 

y l-y 

s(0^y<x^l)<fc!tf«> % StrlBffiJBJfWttCAlGa ) In P(0<a^l, O^b^l) 

a 1-a b 1-b 

<t95&0,ttrl5i*JBJff*«^IBiS®5f*Ji©*ffi»JlW:, S&|S(AlGa ) In P(0 

a 1-a b 1-b 

<a^l, 0^b^l){S©Jlf^SJ:^Al|a^/h$V>(Al Ga ) In P(0^a.Ka 

al 1-al bl 1-bl 

^1, O^bl^l) K£Z> * WIlJjSKttbtbTV vSffiSSftV— If K Q 

gB«:, t^^|aAlGaInP{£Ja^ff*jiJ:'9V- ;? ^K=3r-r5/^/^^V^(Al Ga ) In 

a 1-a b 1- 

P(0^a^l, 0^b^l)J;«9&<9, 

b 

ffjfB*^#F^tt/i^GaIn P As (O^c^l, O^d^l) «fc 9 

c 1-c d 1-d 

StrlBWMW:, Ga In P As (O^e^l, O^f ^1) &Vt£&Z.b* £#t§tei~5S 

e 1-e f 1-f 

i^Al Ga As(0<x^l)^J:S<Sffi*fSpStAlGa As (0^y<x^ 1) 

x 1-x y l-y 

tftmmtiz.^ pmh^<^htvxc(^m) tmm^ti. swbcai Ga ) in p(o< 

a 1-a b 1-b 
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[35] »^J3(28flB«tOffi»3teSl^J»^— !fJC*3V^ (AlGa ) In P(0<a^l,0 

a 1-a b 1-b 
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beam and a barrier layer and a spacer layer which is provided near the 
active layer and made of at least one material and provided over a 
semiconductor substrate and upper and lower reflectors respectively 
provided over and below the resonator region over the semiconductor 
substrate, wherein the resonator region and the upper and lower reflectors 
constitute a mesa structure over the semiconductor substrate, each of 
the upper and lower reflectors constitutes a semiconductor distribution 
Bragg reflector having a periodically varying refractive index and 
reflecting the incident light by light wave interference, at least a 
part of each semiconductor distribution Bragg reflector is composed of 
a layer made of Al x Gai- x As (0<x<l) and having a small refractive index 
and a layer made of Al y Gai_ y As (0<y<x<l) and having a large refractive 
index, and one of the layers constituting the resonator region contains 
In" is not novel since it is disclosed in document 1. 

Document 1: JP 2001-60739 A (Nippon Telegraph And Telephone Corp. ) , 
6 March, 2001 (06.03.01), [0018] - [0022] , [0025], Fig. 1 (Family: none) 

Therefore, the "special technical feature" of claims 1-10 is that 
"the lower reflector is composed of a first lower reflector having a 
low refractive index layer made of AlAs and a second lower reflector 
provided over the first lower reflector and having a low refractive index 
layer made of AlGaAs" . (Invention 1) 

The "special technical feature" of claim 11-13 is that "a part of 
the spacer layer is made of (AlaGax-a) bIni_ b P (0<a<l, 0^b<l) , the quantum 
well active layer is made of GacIn^PdAsLd (0<c<l, 0<d<l) , and the barrier 
layer is made of Gaelnx.ePfAsi.f (0^e<l, 0<f<l) , the quantum well active 
layer has compression strain, and the active layer has a shape anisotropy 
long in the (111) A direction when viewed form the light exit direction. 
(Invention 2) 

The "special technical feature" of claim 14 is that the step of forming 
a mesa structure by dry etching includes a substep of controlling the 
height of the mesa structure by monitoring the light emission of In". 
(Invention 3) 

The "special technical feature" of claim 15 -19 is that "a semiconductor 
layer containing as main components Al, In, P is formed in contact with 
a semiconductor layer containing as main components Al, Ga, As between 
the active layer and the semiconductor layer containing as main components 
Al, Ga, As, and the interface between the semiconductor layer containing 
as main components Al, Ga, As and the semiconductor layer containing 
as main components Al , In, P is formed in agreement with the position 
of the node of the electric field intensity distribution". (Invention 
4) 

The "special technical feature" of claim 20-22 is that "an 
(AlaGai.alblni.bP (0<a^l, 0^b<l) layer containing as main components Al, 
In, P is formed in contact with a semiconductor layer containing as main 
components Al, Ga, As (Continued to next page) 
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between the active layer and the semiconductor layer containing as main 
components Al # Ga, As, and Mg (magnesium) is added as a p-type dopant 
to the (AlaGai-a)blni-bP (0<a^l, 0^b<l) layer, and C (carbon) is added as 
a p-type dopant to the semiconductor layer containing as main components 
Al, Ga, As". (Invention 5) 

The "special technical feature" of claim 24-27 is that "an 
(Al a Gai_ a ) b In!_ b P (0<a<l, O^b^l) layer containing as main components Al, 
In, P is formed in contact with a semiconductor layer containing as main 
components Al, Ga, As between the active layer and the semiconductor 
layer containing as main components Al, Ga, As, and the (Al a Gai_ a ) t>Ini_ b P 
(0<a<l, 0<b^l) layer is a semiconductor layer having a short period 
superlattice structure composed of AllnP and GalnP. (Invention 6) 

The "special technical feature" of claim 28-35 is that at least the 
low refractive index layer nearest to the active layer out of the low 
refractive index layers constituting the upper and/or lower reflector 
is made of (Al a Gax_ a ) bln^P (0<a<l, 0^b<l) , and the interface between the 
resonator region and the low refractive index layer nearest to the active 
layer of the upper and/or lower reflector agrees with the node of the 
electrical field intensity distribution". (Invention 7) 

Since there is no technical feature common to these seven inventions, 
and no technical relationship within the meaning of PCT Rule 13 can be 
seen . 

Consequently, claims 1-35 does not comply with the requirement of 
unity of invention. 
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